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No! It Is Not Complete 


HE only complaints we got had 

to do with errors of omission in 
the November directory. We did not ex- 
pect to have a complete directory, we 
did aim to include all companies except 
those doing a purely local business. And 
as always happens in compiling any 
comprehensive directory, we failed to 
include, through oversight, a number of 
companies that should have been listed. 


They will be listed in our next di 
rectory. As an example: 

Propuct ENGINEERING 

NEW YORK 

To our great disappointment we find 


that on page 14 where you list molders of 
plastic materials, we are not included. We 
presume this is an oversight, which is very 
naturally much regretted, and we trust 
that in your next directory you will rec- 
tify this error. 
Molded Insulation Company 
Philadelphia, Pa. 


It was an oversight and the error 
will be rectified in our next directory. 

\ number of other manufacturers 
wrote in similar letters calling our at- 
tention to omissions. Cinaudagraph 
Corporation of Stanford, Conn., manu- 
facturers of permanent magnet alloys; 
Orange Roller Bearing Division, 
Sholes Inc., Orange, N. Y., make a 
full line of radial and thrust, straight 
and tapered roller bearings and needle 
bearings. 


Our Face Is Red 


Propuct ENGINEERING 


NEW YORK 
I am sorry to notice that in the Classi- 
fied Directory of your November issue, 


the DeLaval Steam Turbine Company has 
been omitted under the headings: 
Pumps, 


Hydraulic, Gear Type 
Pumps, 


Hydraulic, Rotary Vane 
I believe that the DeLaval-IMO pump 
should have entitled them to listing under 
either, or both, of these headings. Their 
advertisement, as you will notice, appears 

on page 82 of the issue. 

George H. Gibson 
For DeLaval Steam Turbine Company 
Trenton, N. J. 


Naturally, we hastily turned to page 
82, hoping to find an ad about a speed 
reducer unit or worm gear; but lo and 
behold, the ad starts right off with their 
DeLaval-IMO pumps. The job of get- 


Gibson. We have entered your client’s 
name under the classifications as given 
in your letter. Thanks for setting us 
straight. But we assure you that even 
if your client were not advertising in 
P.E. he would be equally entitled to 
listing in our directory. 


Our Annual Survey 


Propucr ENGINEERING 


NEW YORK 
[ have just had the opportunity to 
look over your November issue and wish 


to congratulate you on the excellence of 
the job. We are taking the liberty of 
rewriting and culling from this issue ma- 
terial for our house organ, and_ trust 
this will be agreeable to you.—sS.S.H. 

New York, N. Y. 


Propuci 
NEW YORK 


ENGINEERING 


We would like to procure 100 copies of 
pages 406 to 421 inclusive, of your Novem- 
ber number. If you have reprinted these 
pages in booklet form, we would like to 
purchase 100 copies. If they are not 
available, we would like to have permis 


sion to reprint the articte in black and 
white. Dm. 
Akron, Ohio 


This is to let everybody know that 
permission to abstract or reprint will 
be given. It is, of course, expected 


that the usual courtesy credit line will 
be given. 
Are We Guilty? 
Propuct ENGINEERING 
NEW YORK 
The only complaint I have to make 


about Product Engmeering is that it con- 


tains too much political propaganda. 
-E.N.B. 
Cudahy, Wis. 
What a shock it was to us after all 


these years of carefully avoiding any 
political arguments in P.-E. We won- 
der if E.N.B. did not have reference 
to six other fellows. 


Many Wanted Numbers 


Propt CT 
NEW YORK 


ENGINEERING 


to the November number of 
Product Engineering, please let us have 


According 


the names and addresses of the manu- 
facturers listed under the numbers: 4, 5, 
1 304; 121. Fi. G.A.U. 


Brooklyn, N. Y. 


Intimate Correspondence 


bered items that appeared in the article 
“New Things Offered by Industry for 
Improving Product Design.” The in- 
formation is given on request without 


obligation, to anyone, whether or not 
they are subscribers. 
Nothing Really New 
Propuct ENGINEERING 
NEW YORK 
Under your item 133 on page 440 of 


your November number, we note a write 
up on expansion — plugs. From | this 
write-up we would assume that these were 
a new item. As a matter of fact they 
were patented originally on April 8, 1913 
by Fred and A. R. Welch, who at that 
time were operators of the Welch Motor 
Car Company, one of the early automobile 
builders. We manufactured these under 
license until the expiration of the patent 
and have continued to furnish a big share 
of the market since that time. 
M. D. Hubbard Spring Company 
Pontiac, Mich. 
In replying to inquiries we have 
added the M. D. Hubbard Spring Com 
pany to the names of manufacturers ot 
these expansion plugs. As we stated 
in our introduction, “Usually it is 
found that a number of companies have 
made similar developments and_ ther 
is no way of finding out the names ot 
all of them.” We are always glad to 
be advised concerning such matters. 


Cooperation Did It 
Propucr ENGINEERING 
NEW YORK 
We were particularly interested in the 
section on finishes in the November num 
ber. In most editorial material concern- 
ing porcelain enamel there are many grie\ 
ous errors due to the lack of general w 
derstanding of this type of finish. We 
feel, however, that your editors handled 
the material on porcelain enamel ver) 
effectively and have given an accurate 
presentation of progress in our field. 
——., Bi Chase 
Chicago Vitreous Enamel 
Products Compan) 


Pe 


Candidly we must confess that 
are not experts on porcelain enamel 
finishes. But Mr. Chase is fortunate 
in belonging to an industry that we 
have found 100 per cent cooperative in 
giving us ungarnished facts and tig- 
ures about progress in their field. |0 
Mr. George P. MacKnight, secretary of 





ting up a directory is not a sweet dream This is a sample of the more than their Institute belongs most of ‘he 
and the comebacks may make it look 100 requests that have already poured credit for making our presentat on 
like a nightmare. Our apologies, Mr. in for more information on the num-_ possible. 
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Evolutionary Engimeering 


OST of the commentators who have 

described the technical advances in 1937 
automobiles for the benefit of the lay public 
have been rather critical of the absence of radi- 
cal changes in design. Why have we only one 
front drive car and that one distinctly in the 
high price small production field? Why have 
we no rear engine models over here when they 
have been displayed at the European shows 
for several years? Why have we been so slow 
in developing innovations in automobile de- 
sign and why have so many of the things we 
call new been familiar features of European 
cars for several years? 


To the average layman these points may be 
as hard to understand as they are to the com- 
mentators. Neither the commentator nor the 
layman has very much comprehension of the 
technical questions involved in putting into 
production the new ideas which any designer 
can produce in almost unlimited quantities. 


There is a strong temptation to the engineer, 
particularly if he is young and enthusiastic, to 
“shoot the works” and endeavor to take the 
consuming public by storm with his master- 
pieces. But the seasoned engineer knows only 
too well that economic factors must be given 
just as much consideration as technological 
ones and that both may be outweighed, in the 
consumer field at least, by the psychological 
factor. 


It is one thing to design an automobile for 
500 or 1,000 wealthy buyers to whom motoring 
is still essentially a sport. It is quite another 
to design a car that will be manufactured in 


lots running from 1,000 a week to 6,000 or 
7,000 a day depending on the price tag. The 
investment in manufacturing facilities is so 
enormous for the mass market car that the eco- 
nomic risk of putting in a new feature that 
may not appeal to the consuming public is 
almost prohibitive. Everyone who knows 
automobile history can readily point to 
numerous specific cases. 


In engineering design as in most other human 
activities the permanent advances are made by 
evolutionary methods rather than by drastic 
departure from accepted practice. No better 
example of this fact can be found than the 
automobile industry itself. This year’s cars 
are more efficient, more attractive and safer 
than any that have been offered before. They 
look a good deal alike, it is true, but this simi- 
larity is the result of analysis of those features 
that make for attractive appearance and their 
general adoption by designers as a whole. The 
application of the hypoid geared rear axle was 
considered carefully for a long time before it 
was concluded that the resulting elimination 
of the propeller shaft tunnel outweighed as an 
advantage the possible difficulties arising from 
careless lubrication. Many tests were run to 
make sure that plenty of lubricants were avail- 
able that would meet the requirements of this 
type of axle gear. This investigation was typi- 
cal of the searching study to which every sug- 
gested improvement was_ subjected before 
being adopted. It is the sort of engineering 
that makes for product excellence and con- 
sumer satisfaction and it is by no means con- 
fined to the automotive industry. 
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Furnace Brazed Joints 





RAZING has been commonly considered as an 

operation similar to welding, using the same 

general apparatus and similar procedure for 
local fusion but with a copper alloy in place of a steel 
welding rod. But with a controlled-atmosphere braz- 
ing furnace, no brazing rod, are or torch is needed. 
Instead, the whole work, the parts to be joined and the 
brazing metal, is heated in a suitable furnace. Only 
the brazing material is fused. Parts being joined are 
not materially altered in dimensions and need no finish- 
ing to remove excess weld metal. 

Mechanically, this is a simple operation. Unit parts 
are merely held together tightly, brazing material such 
as a piece of copper wire or some copper powder is 
placed at the joint to be made, and the whole is heated 
in a suitable atmosphere to a temperature above the 
melting point of the brazing material. [lectric fur 
riveting, threading, or pinning is necessary. 

\n exceptionally sound, tight, neat joint that does 
not loosen with vibration nor have corners built up 
with weld metal, can be made in this manner. From a 
manufacturing standpoint, this method of joining is 
well adapted to continuous and economical operation. 
Many installations have already demonstrated decreased 
production costs as well as the manufacture of articles 
that require far less servicing than was formerly the 
case when parts were merely riveted or staked. 

Copper alloys readily with iron, although their 
mutual solubility is not sufficiently great to prevent 
free flow of the brazing medium. By keeping: steel 
parts, as well as the copper used for brazing, clean 
and free from any oxide film, the melting copper will 
flow over a remarkably large area of steel. It will pene- 


And How to 


An explanation of the proc- 
ess commonly kown as hy- 
drogen brazing, including 
an outline of its field of ap- 
plication and technical data 
on the design of joints, their 
strength and variable factors 


to be considered 


trate tight joints and, by capillary 
attraction, climb up many inches of 
clean steel surface. As the cop- 
per penetrates a joint or flows 
over the steel, it forms a_ thin 
strong copper-iron alloy that ef- 
fectively knits the two metals. 
Equipment needed for controlled 
atmosphere furnace brazing con- 





sists essentially of a furnace capa- 

ble of holding an atmosphere that 

will keep the work clean and the furnace must be able 
to maintain a temperature somewhat in excess of the 
melting point of the brazing material. Electric fur- 
naces have been found to be excellent. The tempera- 
ture of 2,040 to 2,100 deg. F. required when brazing 
with copper is too high for present gas-fired radiant 


tubes. A number of well designed brazing furnaces 
for either continuous or batch operation are on the 
market. The box-type furnace is suitable for either 


light weight or heavy weight work where the produc- 
tion rate is low. Where the rate is too high for batch 
handling and loading is fairly light, the continuous 
mesh-belt furnace is considered most suitable. A roller 
hearth type of furnace is suitable for either light or 
heavy loading at a high rate of production. 

The brazing atmosphere used is strongly reducing 
usually containing 15-20 per cent hydrogen; in fact, 
the process is often called “hydrogen brazing.” A par 
tially burned natural gas, manufactured gas, propane, 
butane or mixtures of processed hydrocarbon gases ar¢ 
commonly used. These give an inexpensive but effec 
tive atmosphere. Pure hydrogen can be, but seldom is 
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used, largely because of its relatively high cost. Like- 
wise, dissociated ammonia may be effectively used where 
cost permits. The hydrogen content of controlled at- 
mosphere brazing furnaces is sometimes reduced to 10 
per cent without injuring the work as long as oxygen is 
effectively eliminated. This indicates that the high 
hydrogen content formerly considered essential is not 
necessary under all conditions. In a few instances it 
has been thought that atmospheres very rich in hydro- 
gen gave inferior joints, causing hydrogen embrittle 
ment. In considering the many excellent, strong, duc 
tile joints that have been commercially produced using 
hydrogen or dissociated ammonia, it is obvious, how 
ever, that the possibility of any trouble from this source 
is very remote. 

Since it is important to keep the brazing material 
and steel clean and free from oxide, it is necessary to 
prevent infiltration of air into the furnace chamber and 
to remove water vapor from the gases used. Air infil- 
tration is largely prevented by using a well constructed 
vas-tight furnace chamber and a slight positive gas 


pressure inside the furnace. Gas curtains across the 


Furnac 





BRUCE W. GONSER 
Metallurgist, Battelle Memorial Institute 


Fig. 1—Three-piece pulley assemblies 
being discharged off the mesh belt con- 
veyor after having passed through the 
brazing furnace and cooling chamber 


Fig. 2—Charging end of a pusher type 
electric brazing furnace, for brazing 
automotive and refrigerator parts 


Fig. 3—Photomicrographs of brazed 
copper joints. Upper one (a) had a 
clearance of 0.003 in., lower one (b) 
was a press fit and shows how the braz- 
ing copper alloyed with the iron 











openings, mechanical barriers, and a fairly long pas 
sage way through which the work moves as it is heated 
and is cooled before emerging facilitate the maintenance 
of the desired reducing atmosphere. 

Units which may be obtained with the furnaces re 
move excess water vapor. Usually this consists merely 
of cooling through a coil of pipe submerged in running 
water. In special cases where a highly finished, bright 
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Fig. 4—Parts joint by furnace brazing with copper range all the way from 
small metal radio tubes to large automotive and refrigerator assemblies 


annealed surface is required and the cooling cycle is not 
very rapid or the cooling water too warm, the gas 1s 
further dehydrated by refrigeration; in preventing de- 
carburization still further dehydration is accomplished 
by means of activated alumina or silica gel absorbers. It 
is unnecessary to desulphurize the gas except when 
brazing copper products. 

In brazing with copper a turn of fine copper wire, 
a strip of copper foil, or a paste of copper spread around 
the joint to be made furnishes the most convenient 
brazing material. Sometimes, where other means are 
inconvenient, copper powder mixed with a lacquer ve- 
hicle is sprayed or brushed on the parts to be joined. 
Copper-coated steel, of course, carries its own brazing 
material. After a few experiments the proper amount 
of copper and its distribution around any joint are soon 
The amount required is surprisingly small 
for the area covered. 


ascertained. 


In preparing the work to be brazed, from light 
pressed to tight pressed fits are desirable. Although 
copper will flow through the tightest of joints, and the 
tighter the better for maximum strength, it is to be 
noted that it takes longer for the copper to penetrate 
a very tight joint than it does to flow through a lightly 
pressed joint. With a 0.003 in. clearance between 
parts, as illustrated in the upper micrograph of Fig. 
3 for example, the joint will fail at approximately the 
shear strength of annealed copper. With a tight press 
fit, as illustrated in the lower section, practically the 
shear strength of annealed steel is obtained. In a 
tight fit the copper is almost entirely converted into a 
strong iron-copper alloy. 

Ordinarily no trouble is experienced with warping 
or distortion of the parts being joined if reasonable 
precautions are taken. The work should be supported 
in the furnace, of course, so that excessive sagging 
does not occur. 
is little tendency toward localized strains. 
the multitude of various sizes and shapes of parts that 
are being successfully furnace brazed soon shows that 


any tendency toward strain or warpage can be readily 


overcome by proper design of holding equipment. 


Complicated assemblies are frequently held together 


By uniform heating of all parts there 
A survey of 


by crimping, riveting, pinning, spot welding or similar 
means for making a temporary joint. Sometimes it 
is necessary to hold complicated members of an as- 
sembly in graphite blocks or heat resisting alloy plates 
suitably bored or formed to hold the parts in place 
while passing through the furnace. Presses actuated 
by air pressure or spring supported dies are sometimes 
used. Vacuum, where it can be applied is even more 
desirable to hold joint members in contact. All that 
is necessary is to hold the parts in sufficiently close 
proximity so that the copper or copper alloy will form 
a complete film between them. Any number of joints 
can be made simultaneously, the only limitation being 
the mechanical ability to hold many parts in place dur- 
ing the brazing operation. 

The strength of joint secured depends on individual 
conditions, not the least of which is tightness of joint 
before brazing. At times joints in mild steel pieces 
that have been furnace brazed are found to be stronger 
than the component parts. Normally the tensile and 
shear strengths are somewhere between that of annealed 
copper and of the material being joined. Tests of 
copper brazed joints have shown a shear strength of 
22,700 lb. per sq.in. when using 0.003 in. clearance 
between mild steel parts, compared to 29,000 Ib. per 
sq.in. for a press fit. With higher carbon and alloy 
steels, brazed joint shear strengths averaged from 
35,000 to more than 50,000 Ib. per sq.in. Judging from 
results obtained by the National Cash Register Com- 
pany which is now furnace brazing more than 600 
different assemblies, joints are made from 50 to about 
300 per cent stronger by furnace brazing with copper 
than by joining by riveting or pinning. Such brazed 
joints also withstand fatigue or repeated impact far 
better than mechanical joints. 

Many of the alloy steels as well as low- and fairly 
high-carbon steels can be brazed with only a suitable 
reducing atmosphere as a flux. Some materials such 
as cast iron and ferrous alloys containing considerable 
chromium, silicon, aluminum or manganese, however, 
require more elaborate protection. By copper plating 
such hard-to-braze alloys the surface will be protected 
from oxidation and better conditions obtained. By 
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using a flux in conjunction with a controlled atmosphere 
the flow of copper is materially aided. The composition 
above which a controlled atmosphere alone is unsatisfac- 
tory is difficult to define since it may vary with operat- 


ing conditions. The General Electric Company, for 
example, has been able experimentally to braze alloy 
steels of 18 per cent chromium by rather elaborate pre- 
cautions to secure a pure hydrogen atmosphere around 
the parts. Usually the most satisfactory way to com- 
mercially braze alloys containing more than 0.5 to 
| per cent Cr, is to use a flux such as cryolite, dehy- 
drated borax or some of the commercially available 
prepared fluxes. : 

Heat-treatments can be carried out during the braz- 
ing operation or following it. Drastic quenching may 
injure the joint strength slightly. As delivered from the 
brazing furnace, the work is normally bright and clean, 
requiring no further finishing. Because of the high 
temperature when brazing with copper, it is good prac- 
tice to reheat and quench in order to obtain the best 
structure. 

The remarkable covering power of copper over a steel 
surface sometimes makes it difficult to confine the flow 
to the joint area. Usually the local coating of copper 
is regarded as an advantage rather than a disadvantage. 
lf the material is to be case-hardened later, however, 
steps are taken to limit the flow as much as possible 
and remove excess copper with various solvents. This 
is not always easy as the copper exists both as free 
copper and as an iron-copper alloy. It is often easier 
to carburize first and prevent decarbonization during 
the brazing by plating the parts with copper and prop- 
erly adjusting the furnace atmosphere. High carbon 
materials can be joined but decarburization must be 
considered and proper allowance made or preventive 
measures taken. 

Furnace brazing is not limited merely to the joining 
of steel parts, although this is the most common applica- 
tion. Some non-ferrous alloys, such as the cupro- 
nickels, are joined together or to steel by the same 
procedure. Also, by using a brazing material of lower 
melting point than copper, the field is enlarged to in- 
clude the joining of deoxidized copper and the high 
melting brasses. The flow of copper or other brazing 
medium is influenced by its solubility in the material 
being brazed; hence flow over a nickel-copper alloy, for 
example, is much less than over steel. 

The desirability of having brazing materials that will 
act like copper, yet have a much lower melting point 
in order to widen the field of application and reduce 
brazing temperatures, has led to many investigations 
in this field. Silver solders have proved to be excellent 
for much work of this nature. Phosphor coppers and 
phosphor brasses have been used, but they are more 
brittle than copper alone and are not recommended. 
This brittleness is minimized to some extent by using 
close-fitting parts in order that a very thin film of 
brazing material can be used. Manganese bronze has 
also been suggested, and several copper-zine brasses 
have been used successfully. Brass, such as 63 Cu-37 
Z)\, gives practically as strong a joint as copper and is 
to be recommended wherever it is feasible to use a 
co oper-zine alloy. Quick heating is advocated when 
us ng a brazing material containing zinc because of the 
ter leney of zine to volatilize. 

ecause of the need for rapid heating when using 
br:ss as the brazing medium, it is best adapted to 
joi ing thin sections. In one interesting application 





of this nature, brass (80 Cu-20 Zn) refrigerator evap 
orator parts are held together by a partial vacuum and 
strips o1 60 Cu-40 Zn foil are placed at contact points. 
This gives quick effective brazing at a temperature 
well below the melting point of copper. Normally 
material should be heated to about 100 deg. F. above 
the temperature at which the brazing medium first 
starts to become molten. 

To discourage the volatilization of zine from brass 
wire used in brazing, and to aid flowability the wire 
is frequently coated with a syrupy borax flux. Where 
relatively large quantities of brass high in zinc are 
used in brazing, volatilized zinc may be appreciably 
detrimental to electric furnace resistors. This was dis- 
covered by West, sales engineer of the Electric Furnace 
Company, several years ago, while experimenting in 
the brazing of automotive fan pulleys. 

Of the furnace brazing materials other than copper 
or brass, the silver “solders” deserve special mention. 
They make excellent joints with a wide range of metals 
and at a temperature of 1,000 to 1,250 deg. F. The 
tensile strength of such joints is claimed to be about 
equal to that of the solder, or from 40,000 to 60,000 
Ibs./sq.in. which is somewhat higher than that normally 
obtained by copper brazing. Silver solder may be used 
as powder, wire or foil in controlled atmosphere fur 
naces in the same manner as described for copper 
brazing. Very frequently it is used in connection with 
fluxes for joining materials that are difficult to braze 
with copper or brass. The usual flux is borax or a mix- 
ture of borax and boracic acid, or special fluxes made by 
the solder manufacturer. In practice, brazing with cop- 
per or brass is preferred whenever possible, largely be- 
cause of the high initial cost of the silver solders. This 
initial cost may be insignificant compared to the cost 
of the final product, however. Considerable develop 
ment work is being done on brazing alloys that cover 
the same general temperature range as the silver solders. 
In particular, alloys are desired that need no fluxing or 
are not very sensitive to the furnace atmosphere. 

There are numerous examples of controlled atmos- 
phere furnace brazing, many of which have been de- 
scribed in current technical literature. Manufacturers 
of typewriters, cash registers, refrigerators, computing 
machines, sewing machines, and the like have used 
this method of joining parts to great advantage. Hard 
alloy bits have been successfully brazed to steel shanks. 
Parts of the new steel radio tubes are being copper 
brazed; also, double-walled steel tubing, steel fin 
condensers, radiator cores, pulleys, automotive parts, 
golf club shafts, and even watches are being made with 
this method of joining parts. Products that are now 
difficult or expensive to make in one piece, can be made 
in sections and assembled by furnace brazing. 

There are at present a few jobbing shops that do 
furnace brazing but most of it is done by manutfac- 
turers. Apparently the patent situation is not such 
as to discourage wide usage of the method. Several 
furnace makers supply the thoroughly reliable equip- 
ment necessary with no royalties to consider. Judging 
from the experience of present users, a great many) 
manufacturers could radically reduce some of their as- 
sembly costs by joining parts with furnace brazing. It 
is at least worthy of full consideration by both manu- 
facturers and designers of metal products. 
may consider furnace brazing as a new tool to effect 
neat, strong joints from fitted parts that otherwise 
might be impossible to join satisfactorily. 


Designers 
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PRODUCT DEVELOPMENTS 











Flexible shafting with outer casing prutection 
used on drill head for simultaneously drilling 
32 holes on 5/16 in. center distances. Each 
flexible shafting unit can be disassembled by 
simply loosening one screw 


@ In the design of multiple-spindle 


drill heads, it becomes almost 


im- 
possible to have a_ straight drive 
when the holes to be drilled are 
close together. There is then not 


enough room for the required size 
of spindle driving pinions and idlers. 
The customary way of overcoming 
this difficulty has been to design the 
pinions as small as practical and 
transmit the drive to the more 
closely spaced cluster of drill spin- 
dles by means of universal joints 
and telescoping shafts. However, 
this type of drive cannot be used 
when the drill become as 
small as ,°. in. as when drilling the 
burner heads for gas ranges. 


centers 


In the accompanying photograph 
and line drawing is shown the as- 
sembly of a drill head and drive as 
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Flexible Shaftinge for Short Center Distances 
dS 


arranged on a special machine built 
and operated by the General Gas 
Light Company of Kalamazoo, 
Mich., wherein a flexible shaft drive 
from the pinion shaft to the drill 
spindle is used. A 2-hp., 1,725 
r.p.m. right-angle geared head motor 
with output shaft running at 216 
r.p.m., is coupled to the main drive 
shaft of the driving head, the driven 
pinions of which run at the same 
speed as the motor. The swaged 
square end of the flexible shaft fits 
into the broached hole of the pinion 
shaft, the other end of the flexible 
shaft being similarly connected to 
the drill spindle as shown in the 
drawing. The upper end of the 
outer casting is sweated into a bush- 
ing which is fastened in the clamping 
ring, just below the extension of the 


pinion drive shaft. The other end 
of the casing is tapered and clamped 
on the bracket above the drill head. 
The flexible shafts in the outer cir- 
cle of driving pinion spindles are 
15} in. long, the flexible casing being 
13% in. in length. Those of the in- 
ner circle are 2 in. shorter. 

Should it be desirable to remove 
the driving facilities for one drill, it 
1s only necessary to loosen the screw 
in the clamping ring and withdraw- 
ing the bushing and the end of the 
flexible shafting from engagement. 
The lower end of the casing and the 
exible shaft is withdrawn in a simi- 
lar manner. In this manner, any 
number of spindles up to the full 
capacity of the driving head can be 
disconnected at will. 

The jig which holds the work is at 
the left-hand end of the table slide 
at the beginning of the drilling oper- 
ation, and the work is located in the 
fixture by means of spacers located 
at the back of the jig. A motor 
operated cam at the bottom center of 
the machine 


raises and lowers the 


table and work jig. The table rises 
rapidly to the drilling position, and 
has a slow movement 
feeding operating. 


during the 
After the work 
is drilled, the table recedes to its 
starting point. During this receding 
movement, a rocker arm 1s engaged 
with a stop at the left of the ma- 
chine which automatically indexes 
the work fixture to the next drilling 
position, and this continues until the 
seven groups of holes in the cast- 
ings have been drilled. When the 
last drilling operation is completed. 
the table elevating motor is stopped 
automatically with the table in its 
lowermost position. 


e Yoke and Ball Race 


Inserts in Die-Castine 


To avoid complicated machining 
operations in the new Bendix-W* 
constant velocity universal joint and 
coupling, the hubs and ball races ; re 
made as inserts of a die-cast! g. 
This required the development 0 4 
new die-casting process. 


Lh 


The joi ts 
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consists of two yokes in which are 
non-concentric intersecting __ ball 
races. Steel balls inserted in these 
races roll angularly one-half the dis- 
tance traversed by the yoke. Each 
finished yoke is built up of a steel 
core and four race inserts. The 
core is of carbon steel, but where the 
driving load is severe, it is made of 
SAE 4140 alloy steel. It is forged, 
heat-treated and then © spline- 
broached. The race inserts are made 
from SAE 4615 strip steel, cut off 
and formed by stamping and then 
carburized and quenched. 

The casting die is made so that the 
main splined insert and the four 
race inserts can be located in position 
before casting. The race inserts are 
placed against slidable pins which 
contact the inserts along their in- 
side diameter and locate them at the 
correct angle and depth.  Slidable 
horizontal pins contact the race in- 
serts on the back or outside surface 
to hold them securely against the 
main pin, and are withdrawn as the 
metal is being injected. A copper- 
free zine alloy base is used as the 
die-casting metal which is injected 
under a pressure of 5,000 lb. per 
sq.in., and at a temperature of 740 
deg. F. and contacts only the outer 
faces and edges of the race inserts. 
Because the temperature drops al- 
most instantaneously, the hardness 
of the carburized races, more than 
60 Rockwell C., is not affected. The 
die-cast metal is in compression at 
all times when joint is in operation. 


————~ Speed contre 
4 


Rv | 


5/ fever 
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The two photographs illustrate 
the steel forged core and the 
ball race inserts before and 
after die-casting. The assem- 
bled joint, composed of two 
yokes and a spherically shaped 
outer shell, is grease packed 


. Miulti-speed Drive for 
Home IVork Shop 


Whereas on many home work- 
shop machines, such as lathes, drill- 
ing machines and jig saws, speeds 
are limited to 3 or 4. steps, the 
Yates-American Machine  Com- 
pany incorporates a multispeed de- 
vice that makes available speeds 
from 800 to 4,000 r.p.m. in an in- 
finitely variable range. As shown 
in the accompanying sketch, the 


clearance between the V-belt pulley 
flanges on the spindle shaft is im 
creased or decreased by a cam ar 
rangement through the speed con 
trol lever, causing the belt to ride at 
ditferent diameters, while the spring- 
controlled sheaves on the motor 
shaft below accommodate the action 
of the sheaves above. 

In keeping with the modernistic 
trend of design, smooth-flowing, un 
broken lines are used for the vari 
ous castings. Simplicity in design 
also has been carried into produc 
tion by the use of standardized cast 
ings such as legs, bases and motor 
housings for a number of machines. 
These castings are colored with a 
dark green, air-drying lacquer: 


Multi-speed unit consisting of 
motor, switch, belt and adjust- 
able pulleys gives speeds within 
a range of 800 to 4,000 r.p.m. 


in stepless increments 
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* Locally Hardened 
Cranksha if t Journals 


The Ohio Crankshaft Company 
now produces crankshafts with lo- 
cally hardened journals by means of 
a new method, known as the “Toc- 
co” process. The bearing surfaces 
are hardened locally by heating by 
electrical induction followed by a 
water quench. Contrasted to the 
former method wherein the crank- 
shafts were heated to 1,700 deg. F. 
from 10 to 40 hr., to harden only 
approximately 10 per cent of the 
total surface area of the piece, this 
new process is quicker and less ex- 
pensive. Another advantage is that 
the fillets and counterweights are 
not hardened, thereby retaining their 
toughness. 

In the new hardening process, a 
high-frequency current at high vol- 
tage is transformed into low voltage 
and furnishes a high current to 


inductor blocks which surround but 
do not actually touch the bearing 
area that is to be hardened. The 
inductor block induces a current to 
the surface of the metal thereby 
heating it. 


When the area has been 





One of the inductor block as- 
semblies having both electrical 
and water connections. (Below ) 
shaded areas show depths rang- 
ing from 3/32 to 1/8 in. to 
which the journals of the crank- 
shaft have been hardened 


heated for a correct length of time, 
the electrical circuit is opened auto- 
matically and simultaneously — the 
heated surface is quenched by a 
water spray from the jacket built 
into each inductor block. This pro- 
duces a hardness of from 58 to 60 
Rockwell C, which is said to blend 
gradually into the core with no sharp 
line of demarcation, thereby elimi- 
nating the possibility of flaking and 
spalling. After all the main, inter- 
mediate and pin bearings have been 
hardened, the entire shaft is drawn 
at a low temperature to remove 
strains. 
































(Above) The old and the new 
illustrates not only labor saving, 
Whereas the 40-year old hand operated washer was made of 
wood and iron castings, the newer product utilizes stainless 
steel, aluminum, zinc alloy die castings, quick-drying lacquers 
(Right) To obtain lighter weight, the 
new Hoover cleaner has a main housing of die cast magnesium, 
a motor hood of molded plastics and accessories of duralumin 


and electrical power. 
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in washing machine design 
but the use of newer materials. 


*. 





















® Random Jottings About 
New Developments 


For “indoor duck hunting,” 
photo-electric cells are inserted in 
mechanical birds moving on an end 
less belt within a cabinet. When the 
gun trigger is pressed, an electric 
lamp in the barrel lights momentarily 
and by suitable lenses the light 1s 
focussed in a narrow beam in the 
direction aimed. If the aim is good, 
the light strikes the photo-cell and 
the duck falls over. Hits are regis- 
tered in colored, illuminated figures 
on a score board. 


In a_ recently designed lathe 
wherein the bed and headstock are 
cast integrally, greater stiffness and 
wear-resistance is secured by using 
a cast iron alloyed with 0.80 per cent 
manganese, 1.75 per cent silicon, 
1.00 per cent nickel, 0.30 per cent 
chromium, and a total carbon ot 
3.45 per cent. Although machin 
ability is good, special hand scrapers 
must be used because of the hard 
ness of the metal. 





High-pressure hose has found many applications in construction ma- 
chinery for conducting high-pressure oil to hydraulically operated units 


RUBBER HOSE 
hor High-Pressure Service 





.D. MACLACHLAN 


Development Engineer, The B. F. Goodrich Company 


After a brief description of the construction of the hose, 


the author discusses the types of fittings and gives four 


requirements that must be met when designing the application 


RESENT trends of modern machine design are 
towards higher speeds, lighter parts and greater 
flexibility. Constant lubrication has become of 
prime importance, often necessitating flexible connec- 
tions for conducting the oil to points where it is needed. 
ydraulic operation has also found increased applica- 
nin machine tools, construction equipment and other 
ichinery. These developments created a demand for 
xible tubes for conducting fluids under high pres 
re. Rubber is most readily adaptable to this type of 
vice. Not only is it highly elastic but it is also able 
withstand repeated bending without failure, a com- 
ation of properties wherein it excels. 
Xaw rubber of commerce when combined with sul 
ir and “vulcanized,” changes from a plastic material 
“ich is softened by heat and hardened by cold. The 
‘d rubber still swells when in contact with mineral 
and greases but by mixing clays, powdered minerals, 





lamp black, and other ingredients with the rubber and 
adding complex organic chemicals to aid the sulphur 
action, the “rubber” can be so altered that oil swelling 
is reduced to a minimum. The mixture of rubber and 
sulphur is not well defined in everyday terms. It ts 
known variously as “pure rubber,” “Para rubber,” 
“pure gum,” “Grade A” rubber and ‘cured sheet.” 
The mixtures containing added materials are gouped 
loosely under the term “compounding rubber.” \s an 
example of how rubbers under these two classifications 
behave when in contact with oil, the following compart 
son is given: 


“i> f Tube lffes 


Description Initial Nize Confined OU Soaking 
3/16" 1.10.x9/16" 1) “wollen shut 


Pure Gum” Tube 
r 3/16” 1.D.x5/16”" O.D “e” 1.D.x5/16” O.D 


Compounded”™ Pube 
Thus by processing the rubber, a material, which in 
its raw state would soon fail from the action of oil, is 
so altered as to give long and satisfactory service 
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\fter providing a rubber compound which will not 
spoil from contact with the material being handled, 
the next problem is to back up the rubber sealing mem- 
ber with a reinforcement capable of resisting the dis- 
tortion of the rubber from the action of the internal 
pressure. In recent years this pressue has been raised 
again and again until today pressures of ten tons per 
square inch are not at all uncommon. 

Modern principles of design and construction have 
not only made possible a hose capable of withstanding 
such pressure but also one which retains nearly all of 
its flexibility almost up to the point of failure. This 
feature of carrying such tremendous pressure yet re- 
taining the flexibility of rubber is accomplished by an 
exact and precise laying of fine steel wires. In one 
foot of a certain type of high pressure hose there is 
more than one-fifth of a mile of wire if every piece 
were laid end to end. Each strand must be placed 
and held through subsequent processing so as to have 
equal tension and direction. If this is not accomplished 
the finished hose will writhe under pressure or be less 
flexible in one direction than in another. While wires 
which are laid exactly will allow flexibility, they will not 
permit rotation or torsion since a common braid is 
basically two interlocked opposite helixes. Thus the 
twisting of one spiral is resisted by the other. 


Requirements for Fittings 

Before actual application of the hose can be made 

it 1s essential that the conditions of service be consid- 
ered and the type or design of the connections between 
the hose and the fixed member determined. The basic 
requirements of any fitting are: (1) Ability to hold, 
without leaking or blowing off and for any length of 
time, any pressure that the hose will withstand; 


* Zz) 
To distribute the stresses set up by bending of the hose 
so as to avoid any concentration of stresses that might 
lead to failure at the junction of hose and fitting: (3) 
The fitting must have a permanent grip without neces 
sity of repeated attention or tightening; (4) Ability to 
withstand external conditions such as corrosive atmos- 
pheres or abrasion, or impact from rough handling. 
In general these requirements can be met only by a 
coupling which is applied to the hose so as to be non- 
removable. One or two couplings are on the market 
which are of the removable type and have proven satis- 


The “pressed-on”’ or 
non-removable type of 
coupling shown in the 
upper sketch is greatly 
preferred to the ad- 
justable or removable 
type shown below it 


~ 
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In this Thomson-Gibb seam 
welder, rubber hose is used 
for conducting cooling water 
to the welding wheels and 
for carrying air to the pneu- 


matically operated welding 
heads 


factory in service. But they require special attention 
on the part of the operators and may be a source 0! 
considerable trouble. 

The so-called “pressed-on” coupling is applied by 
first removing part of the rubber carcass, either tub 
or cover or both. Then the metal of the coupling 1s 
pressed on, being permanently deformed by stressing 
it beyond its elastic limit. Such a coupling when prop 
erly designed may be relied upon to withstand any pres 
sures up to the bursting of the hose, without blowing 
off or leaking in any manner. These couplings, in ge 
eral, are not made with swivel connections, and becaus 
the hose itself cannot be turned or twisted it is neces 
sary to provide a union in the metal pipe line so th 
the flexible hose member can be suitably installed wit! 
out twist. 

In applying this coupled hose to the installation, 
tention should be paid to the following requirements : 


1. No curves or bends less than the radius of cur 
ture recommended by the manufacturer, should be 1 
posed upon the flexible hose connection. In gene 
this curve will be about one foot of radius for e\ 
inch of diameter of the hose, with a 4+ in. minin 
radius of bend. 

2. Sufficient space or flexibility should be left 
tween the two fixed coupling ends so that the hose 
not be called upon to take end pull. Such end pull 
current cause of pulling out of couplings. In a 
draulic line operating under 10,000 Ib. per sq.in. | 
sure, the end thrust caused by this pressure on a | 
line amounts to approximately 4 tons. Any added st 
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is not provided for in the coupling assembly and if of 
any magnitude will eventually cause coupling failure. 

3. Consideration should be paid to the method used 
in placing the hose coupling assembly in service. Pipe 
threads, while tight, in some cases cause coupling leak- 
age by straining the outside coupling shell. In every 
case, effort should be made to have the coupling screwed 
home by using a hex nut and monkey wrench rather 
than by use of round ferrules and pipe wrenches, in 
order to avoid distortion of the coupling. 

When installing the hose, care should be taken so 
that no oil leakage will be dropped on the hose cover. 
Kubber parts are designed to meet certain specific 
conditions. Thus the hose tube is made resistant to 
the mineral oil which is to be carried. 
unless specifically stated, is designed for resistance to 
sunlight and weathering. When oil is allowed to lie 
on the cover it may result in blotches which carry the 
oil back under the lip of the coupling to accelerate 
s!'ppage and possible coupling blowout. 


The hose c ver, 


+. Where it is necessary for the assembly to take a 

siderable movement it is advisable that the maximum 
e.gth be used so that the minimum distortion of the 
riyber parts will take place. In some cases, this will 
uire a large loop which must be supported to hold it 
ts proper position. 
dustrial, automotive and chemical engineers are 
ming more and more conversant with the versatility 
he high pressure rubber hose with the result that it 
day being applied for many widely divergent uses. 
he coal mining field it is a well recognized fact that 


by reducing the “shatter” effect of explosives the 
amount of “slack” is also reduced. A cartridge has 
been devised in which the “shot” is replaced by hy- 
draulic pressure carried through a wire braided hose. 
The hose supplied for this purpose was required to 
withstand an internal pressure which at times might 
reach a maximum of ten tons per square inch. 

Another interesting application for this hose 1s the 
handling of gases under pressures of 150 times normal 
atmospheric, for servicing lighter-than-air ships with 
helium. In handling the millions of cubic feet required 
to fill these large ships, the gas is stored in a highly 
compressed state. Wire braided rubber hose is used 
as a flexible connection between the compressor and the 
header as well as for the connection between the header 
and the storage tanks or cylinders. 


Hose for Central Lubrication 


In one instance, developments made possible in one 
industry through the use of high pressure hose have 
found ready acceptance in another. By the use of wire 
braided hose, the food and beverage industries were 
able to develop centralized lubrication for such machines 
as bottling units. Here the motions range all the way 
from high speed rotating shafts to cam and _ lever 
actions of relatively slow cycles but long thrusts. se 
cause of its flexibility the hose can readily follow the 
cam and lever motions by bending while its pressure 
resistance easily meets the high pressure requirements 
for bearing lubrication. This application proved so 
successful that many machine tool builders have turned 
to centralized lubrication through the use of this same 
wire braided hose. With this modern system they 
secure lower oiling costs with a constant rate of feed 
as against the intermittent lubrication of the old hand 
system. 

In addition to successfully handling air and grease 
under high pressures, by changing the composition of 
the rubber parts equally satisfactory results are ob 
tained when water is used as the hydraulic fluid. 

High pressure hose for carrying hydraulic pressure 
to adjustable presses and rams has proven advanta- 
geous. Recently, the engineers of one of the leading 
die casting companies developed extensive improve 
ments in their production equipment. The combining 
of several successive operations to one unit resulted 
in multiple dies and plungers. Once the dies and 
plungers were set in position the feed lines were sta 
tionary. Conventional hydraulic pipe was used for con 
nections. But when changing dies it required three men 
three full days to pipe up a single unit. Much of the 
advantage gained through simplified production was 
offset by the delay in setting up the new job. To shorten 
the time necessary to get a unit ready for production, 
conventional hydraulic pipe was changed to flexible high 
pressure rubber hose. Dies could then be changed by 
two men in half a day. 
reduced “set-up” costs resulting from the use of thi 
rubber hose soon repaid the expense of the machine 
alteration. 


The direct labor savings in 


\nother field in which high pressure hose has made 
a valuable contribution is that of motorized construc 
tion equipment. Through its use hydraulic control has 
heen adapted for time and labor saving hoist and con 
trol systems. 


’ Thus, scraper blades are raised and low 
ered by a hydraulic cylinder connected to the hydraulic 
system by rubber hose. 
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Principles of Design for 
NON-CIRCULAR 


PART I 


GHARS 


General Considerations and Equations 


J. J. PESQUEIRA 


Starting a series of articles which will discuss the problems 


involved in laying out pairs and trains of non-circular gears 


for producing irregular machine motions by virtue of the non- 


uniform angular velocities obtained with changing pitch radi 


OLLING contact in non-circular gears is sub- 
ject to certain definite conditions. Referring 
to Fig. 1, L and L’ represent a pair of rolling 
curves or p.tch lines having fixed parallel axes O and 
O’ or centers of rotation, with Q the point of contact 
or tangency which must be collinear with O and O’. 
For every point P and L there must exist another point 
P’ and L’ such that 
arc OP = arc OP’ (A 
OP + CP = 02 + 00= 00’ B 
For an analytic form and treatment of rolling curves, 
let arc OP " s, are OP’ Sor = Or ae 
OO’ qg. quations (4) and (B) then become 
fom 1 
r+r=q (2 
and since the centers of rotation O and O”’ are as- 
sumed fixed, g is a constant. Equations (1) and (2) 
become upon differentiation 
ds = ds’ 


dr + dr’ dq’ 0, or dr dr’ 4) 


lf 6 and @’ are, respectively, the angular positions 
of the points P and P’ from the line of centers OQ’. 
measured toward the same side of the line of centers, 
then 
ds? r? de +- dr 
ds’? == r’? do’? + dr’ 


But, since by Equations (3) and (4), ds? ds’*, and 
dr* dr’*, it clearly follows that rd@ = + r’dé’. 
The sign of this equation can be plus or minus be- 
cause of the existence of two possible modes of engage- 
ment of the rolling surfaces. They can engage exter- 
nally, as shown in Fig. 1, in which Q lies within that 
segment of the line of centers bounded by the centers 
O and O’; or they can engage internally, and Q will 
le without that segment. By assuming in an algebraic 


sense, that the values of ry and r’ are similarly signed 


when the engagement is external, and are oppositel\ 
signed when the engagement is internal, the equations 


dr + dr’ =0 5 


rde r' dy’ 6 


will take care of both modes of engagement, and con 
stitute the conditions of rolling contact expressed in 
differential form. 


If L and L’ are two rolling curves engaging inte1 
nally, and if another curve L”, will roll with L ex 
ternally, then L” will also roll with L’ externally. Now 
let P and P’ in Fig. 2 be corresponding contact points 
in L and L’, with centers of rotation O and O’, respec 
tively ; and let Q be the point of rolling contact of these 
curves. Then 

are OP 


OP — O'P’ 


are OP” ( 


0Q — 0Q= 00’ D 


By hypothesis, the third curve L” rolls with 
Hence, if the center of rotation O” of L” is placed col 
linear with O and Q, then Q will also be the point of 
rolling contact of the pair L and L”, and O” will be 
collinear with O O’. In L and L”, 

arcQ P=arcQP” 


and OP + O” P” = 0Q + O” Q= 00" 


Equations (C) and (C’) give are QP’ arc OU 
while subtracting (D) from (D’) gives 


O’Q + OQ = 00”— OO' = 0'0" 


explicitly indicating that 1’ and L” fulfill the co 
tions of rolling contact. 

The converse of the theorem, that if L and L’ 
gage externally, and if L” will engage L internally, 
will also engage L’ internally, is obviously true. H 
ever, it is not always possible to find a curve that ' 
engage externally each of two other curves that 
roll externally with each other. 


Rolling curves can be represented mathemati 
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by systems of coordinates. Polar coordinates with 
poles or origins at the centers of rotation are most 
suitable. 

Points of rotation O and O’, in Fig. 1 are the 
origins of polar coordinates for curves L, and L’, the 
line of centers OO’ being the principal ray of the two 
systems. Contact points Po and P.’ in L and L’ are 
considered fixed at Q, and the corresponding contact 
points P and P’ are the variable or tracing points of 
L and L’. The coordinates of P and P’ will then be 
the angles 6 and 6’ and the radii r and r’. 

Equations (5) and (6) alone are not sufficient to 
determine completely a pair of rolling curves. A third 
equation 1s necessary which may embody predetermined 
properties assigned the pair of curves. If the equation 
of one curve is known, the equation for the other can 
be determined through Equations (5) and (6). A 
derived curve is one the equation of which is derived 
from that of the curve with which it rolls. 

Suppose, that the equation of L is known and it is 
desired to determine that of L’. Equations (5) and 
(6) when integrated give 

r+pr C, 7 
a 0 i] 


. se . 
; r rdé, 
dé ; dé a) 
, r C i 
e 7 e a) e 


6d 


where C is an arbitrary constant. and the lower limits 
of the integrals correspond to an arbitrary pair of 
corresponding contact points. For convenience, these 
points are Py and P.’ at Q, and 6’ 4, 0. It 
r =f (6) is the known polar equation of L, and q 
equations (7) and (&) can be written 


Cc, 


) gq f(A 9 
mG) a4 
; f (A dé 
0 dé ¢+ q 10 
qd - f 7 q | W 
ev’ 0 v’ 0 
Equations (9) and (10) constitate the polar equa 
tions of the derived curve L’ in parametric form, with 
# as the parameter. This auxiliary variable can, if de 


Fig. 1—lIllustrating the condi- 
tions of rolling contact with a 
pair of rolling curves in exter- 
nal engagement 


K - rie) 


rolling 








FIG.2 


Fig. 3—Equations for the 
surfaces are ex- 
pressed in polar coord:n- 
ates using the line of cen- 


ters as the origins 


sired, be eliminated after performing the integrations. 
A simple example of the use of the parametric Equa 
tions (9) and (10) in obtaining a derived curve 1s 
civen here. 


EXAMPLE I. To find the curve that will roll with 
the spiral r k @ where k is a constant. I[quations 
(9) and (10) become by substitution putting f (4) 

) 


G . qd . 
A 4 loz 
k g ké 


is obtained by eliminating @. 

If the curves roll, each turning on its fixed axis in the 
sense shown in Fig. 3, the corresponding reference 
contact points Po and P.’ originally at Q will be dis 
placed toward the left, or in a direction opposite to that 
in which the curves are described, through angles 6 
and 6’ in accordance with Equation (10), which ex- 
presses the angular displacements of both of the rolling 
curves. 

The spirals of Example I are open curves. If one 
of a pair of rolling curves is a closed curve, such as an 
ellipse, the other curve will not in general be closed if g 
is chosen arbitrarily. However, for certain particular 
values of q both curves will be closed. If L is closed 
and LL’ makes one revolution for every revolution of 


Oe Fig. 2—Two curves roll- 
ing internally with each 
other will both roll exter- 
nally with a third curve 


me) 


~~ FIG.3 
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L, then L’ is also closed. 
If r = f (0) be the equation of the closed rolling 
curve L, then 
_ f (0) do 
o ~q —f (6) 


If both curves are to complete one revolution at the 


same time, 
aT a2n . 
\ de’ | f (0) dé 
g —f (0) 
0 esi : : 


that 1s 


alr 

dé 9 

” | q@-—J (@) ad 
0 


the limits indicate that the integration is to be carried 
over one complete revolution. A mere substitution of 
the values of these limits in the result of integration will 
not always be valid. 

With g as unknown, either Equation (11) or (12) 
has one root giving the proper value of g for which the 
derived curve L’ will be closed. The application of 
Kquations (11) and (12) will be illustrated with an 
example. 


EXAMPLE II. To determine the closed curve L’, 
in Fig. 4, that will roll with the closed curve L in a 1 to 
1 over-all turning ratio, the equation of L being 


r r, (2 — cos 0) =f (6 
where ro is the minimum contact radius in lL. Equa- 
tions (9) and (10) give here 
r’ qg — ro (2 — cos 6) 
; ” dé 
Y’ 0 


» 
~ a 2 
fh + q P a V q <1) 
~ tan 
V (Q 2r.) r.” q-?r 


constituting the equations of L’, 
q is now to be calculated. 
Kquation (12) gives here 


4n q - dé 
Co = 2r,.) + 7r,cos@ 
¥~ 0 


T ‘ 
dé 2m 
q (q—2r,) + 1, cos 0 Vv (q —2r,)? —r2 
— = 


from which 


-r l 
tans? 


in parametric fe rm, 


q= 3 r, (4+ y7) 


the plus sign being for external engagement. Substitut- 
ing this value of g in the parametric equations 


9 : 
’'=?F, | 3 (S + v7) +cos0 | 


1 
_ tan 5 9 


Using the plus sign for Fig. 


456 





shows the curves L 
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and L’ of this example in external engagement. 
For a pair of closed rolling curves having more than 
one lobe, the overall turning ratio of the pair will be 
N/N' == n'/n (13) 


Where n and n’ are the number of lobes in L and L’ 
respectively, and N and N’ are the number of revolu- 
tions of L and L’ respectively, necessary to bring the 
same pair of corresponding contact points together 
again at Q. 

Clearly, the equation of a closed curve is a periodic 
function, and the period of a n-lobed curve must of 
necessity be 27/1. 

Equations (11) and (12) in the following form 
cover multi-lobed rolling curves 


2a N’ 
dé’ "a dé 
g@-: f (@) 
RB mnrea > fCurwea ar “4 1. (4 ’ ‘ - ¢ 
but, since the curves are periodic, it is also true that 


‘ 


a2 us 2 us 
N’ | do’ = N f (6) d0 
J) 0 e rie sa f (0 


and, by virtue of Equation (13) 


a2 Tv a2 T 
n dq’ n’ f (0) do 
0 J 0 . = f (0) 


or, after evaluating the first integral, 


9 


a2 Tv acs T/Nn 
, nN f (0) dé rte i 
2a 7 d . \ f )) 8 14 
— * (@) =o £ (0) 
- Qo? 7 q 0 


a2 w/n 
9 r(% \ 1) Af d (@) ‘s | d (0) ; 15) 
iY on f (0) 9 4 — f (@ 


With g unknown, either Equation (14) or (15) has a 
root representing the proper value of g for which the 
derived curve will be closed. 


EXAMPLE III. To illustrate the application of 
Equations (14) and (15) let it be required to de- 
termine the equation of an n’-lobed rolling curve 
L’, that will roll with the one-lobed curve L, having the 
equation r = ro (a + cos 6) = f (6) in which » 
and a are constants, ro (a + 1) and ro (a — 1) being 
the maximum and minimum contact radii. Equations 
(9) and (10) are applicable as in the case of one-lobed 
derived curves ; and 


, 


r=q—7r,a — 1r, cos 0 


9 (q—ar,)?— 1 
6’ =—0+ = tan [| YG . “wn: 50 am 
Vig-ar,y—% q—r, (a +1) 


These relations constitute the equation of L’ in para 
metric form. In determining the value of g, Equations 


, , 


(14) and (15) give for n = 1, n’ =n’, 


9 
9 r(;+1)- i 
\(qg —ar,)*—r2 


from which q is obtained: 


- 1+2n’ -_ ae a oe 
: t+n’)+ Vn"? a+ 2n’ +1 
14+2n’ 


This value can now be substituted in E qu ition (16) of 
the parametric form above, which, in view of 





Equality (17), can at once be written in the simpler 
form 


n’'+1 -1 n' q 1 
f= —9 4-24 —- tan — 
* ( n ) (n’ + I)la— 7, (@ +1) "29 
For the particular case a = 2, n’ = 3, 
r =r, (2 + cos 6) 


a= | 4r, (8 + 43) | /7 
and 


r’=q—T, (2 + cos 8) 
rt 


. c "| 3q 1 | 
g=— A+ 3 tan 4q 3 r.) tan 59 


The plus sign in the expression giving the value of q 
is for external engagement. Fig. 5 shows a pair of 
rolling curves in external engagement illustrating the 
this particular case. 

When the equation r f (@) of one of a pair of 
rolling curves is known, Equation (10) will give the 
angular displacement of the derived curve as a func- 
tion of the angular displacement of the other. But 
suppose that the only relation known is the angular dis- 
placements of one curve as a given function of the 
angular displacements of the other, as 


0’ = F (6) (18 


and the equation of each curve is to be determined. 
Starting with 


4 
e 
f(a,dé@ 





= ‘| > FIG.4 


Fig 4—Pair of closed rolling curves with 
a one to one overall turning ratio 


— * 
r (atl) (0 


n=l 





Fig 5—One-lobed and three-lobed roll- 
ing curves in external engagemnt with a 
three to one overall turning ratio 





where the lower limit is such that F (69) 0. The 
unknown function f (@) is to be determined in terms 
of the known function F (6). Differentiating with 
respect to the upper limit @, results in 
qd F’ (@) S 
= = f (0) 9 
ee eS J 19) 
vhich is the equation of one of the curves. Since 
r’ = q — 1, it follows that 
, — q - 
r "1+ F ©)’ 
A’ F (0) (21) 


which are the equations of the other curve, in para- 
metric form. The quantity g in these results may be 
purely arbitrary, for it only determines the absolute 
dimensions of the curves. Clearly, the curve repre 
sented by Equation (19) will be closed if the equality 
F’ (6) = F’ (0 + 2m) (22) 

exists for all values of 6 

If /’ (6) remains real through a 2z-interval, the 
curves will be plane; if F’ (6) changes sign in that in- 
terval, at least one of the curves will intersect with 
itself at its center of rotation, that is, have negative and 
positive contact radii (an impractical condition) ; if 
I’ (@) does not change its sign in this interval, at 
least one of the curves may still intersect with itself, 
although the points of intersection will not occur at 
the center of rotation. The curve represented by Equa- 
tions (20) and (21) will be closed if, besides satisfying 
Equation (22), it complies with the provisions of 
[Equation (23), which will be developed. 

Let mn and n’ be the number of lobes in L and L’ 
respectively represented by the Equations (19), (20), 
and (21). Equation (18) is then written in the form 


) ) 
i F(o } ") (23) 
n 1 


where 6, is such that F (00) 0. Now, if L is closed, 
L’ will also be closed provided 1’ comes out rational 
when Equation (23) is solved for n and n’. 

[f in the solution of Equation (23) either » or n’ 
is fractional, the other curve will have double points. 


EXAMPLE IV. Let the relation of the angular dis 
placements of a pair of rolling curves L and L’ shown 
in (Fig. 5) be 

 =20+ sind = F (6) 
Here 

F’ (0) = 2 + cos 6 

which, satisfying Equation (22) renders one curve of 
this example closed. The equations of the curves are, 
by the Equations (19), (20) and (21), 


q (2 + cos 9) « I 
3+ cos 6 nities 


, q , 
= >——— f a 
y 3 + cos 6 or 


 =20-+ sin dé 
Putting F (69)=24) + sin 49=0, or 6)=0, Equation 
(23) becomes here 


27 4n e 2a 
er = - + £4 COS 
n n nN 
The solution of this equation is n l, n 1 


The number n’ is fractionary. Therefore, L’ intersect 
itself, but is closed. 


S 
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Flexible Seal 
of Synthetic 
Rubber 


Vibratory screen mechanism with oil 
lubrication has a 100 per cent seal that 
deflects 3/8 in., 1,500 times per min. 


NUMBER of requests and suggestions for 100 
per cent seals on mechanisms requiring recipro- 
cating or oscillating motions have appeared in previous 
numbers of Product Engineering. In the design of the 
vibratory screen shown here it was desired to change 
from grease to oil lubrication so as to increase the 


machine efficiency. This required a positive oil seal 
that would permit a deflection of % in., and made of a 


material resistant to oil. The problem was solved by 
the Productive Equipment Corporation by the use of 
a new engineering material, chloroprene rubber. 

The advantages of a change from grease to oil 
lubrication were lower starting torque and lower op- 
erating power. While oil is more difficult to seal than 
grease, it was particularly important in this machine 





Seal of synthetic rubber withstands, 
1,500 oscillations per min. It must 
also resist oil at temperatures reach- 
ing 150 deg. F. Cross-sect-on shows 
shape of seal and its mounting. 





to keep the oil from contaminating the products to be 
screened. Foods, for instance, and many chemicals 
would be ruined if the oil were not properly sealed 
within the operating mechanism. Also, the material 
which selected for the seal must be capable of with- 
standing the disintegrating effect of the materials 
which might be screened. Animal fats, vegetable oils, 
greases and other materials passing through the screen 
would rapidly destroy an oil seal fabricated of leather 
or rubber. These products frequently come in contact 
with the oil seal, since under ordinary factory operation 
some of the screened products are spilled over the side 
of the screen upon the seal which is attached directly 
to the deck construction. 

In addition, the oil seal has to be resilient and is 
required to withstand high temperatures. The deck 
or live frame vibrates in an oscillating motion, while 
the vibrator assembly is stationary so far as its exterior 
parts are concerned, and its interior portions revolve 
in an oil bath. The seal, which is placed between the 
deck and the vibratory housing, must be capable of a 
3-in. minimum movement. A mechanical seal pre- 
sented difficulties as there would be wear and loosening 
of the seal from the severe vibration. This would in- 
crease the danger of oil leakage and open the way for 
the entrance of dust and foreign materials. Even the 
finest dust particles had to be excluded from the 
housing. 

The oil in the housing sometimes reaches a tempera 
ture of 150 deg. F., and materials screened when hot, 
raise the outside temperature even higher. This made 
it necessary to find a resilient material which would 
stand up under high temperatures. 

A search for various compositions and leather ma 
terials, conducted by the aforementioned company, 1n 
its attempt to achieve oil lubrication for the vibratory 
screen mechanism, disclosed 
none which could stand up 
under the oscillating motion 
at speeds as high as_ 1,500 
r.p.m. Rubber would hav 
been a satisfactory seal, ex 
cept that it deteriorates rap 
idly in oil, a fault which ex 
cluded it from consideratio1 

Experiments conducte 
with DuPrene, a chloropren 
synthetic rubber, showed thu 
this material met all the re 
quirements. It has the ability 
to stand up in an oil bath at 
high temperatures, and witl 
stand a stretch of 2 in. at 
speed of 1,500 r.p.m. an 
after a test lasting more thai 
a year, demonstrated its abil 
itv to withstand the disinte 
grating action of oil a1 
screened products. The av 
erage life of the chloropre: 
synthetic rubber seal und 
severe conditions at hig 
speed oscillation is more th: 
one year, a length of servi 
claimed to be superior to t! 
tvpes of seals tested. Als 
the cost of the synthetic rub! 
seal is lower. 
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Mistakes to be Avoided 
When Specifying Alloy Steels 


Conflicting or ambiguous specifications cause confusion and 


delays in answering inquiries or filling orders for alloy steels. 


This article, based on interviews with metallurgists and engi- 


neers of steel plants, points out mistakes commonly made in 
specifying steels and suggests how to avoid them. 





NE of the most difficult things to do is to give 
an order that is complete and permits of only 
one interpretation. A famous general once 
said that every military order should be so brief and 
so worded that it permits of only one possible inter- 
pretation. This can also be applied to specifications 
of any kind. The most common fault in giving the 
specifications for alloy steels, as revealed in interviews 
with representatives of steel manufacturers, is that 
9 many requirements are specified, with the result 
hat in many instances the different requirements 
pecified conflict with one another. In addition to 
uch superfluous specifications, other errors commonly 
iade include improper abbreviations, mis-interpreta- 
on of test data, and errors caused by a lack of 
iowledge of steel mill procedures. 
It is not surprising that when formal written speci- 
ations are used, such as those of the American 
ciety for Testing Materials, mistakes are rarely) 
ide. Similarly, many of the larger companies have 


established their own standard written specifications. 
Such specifications are seldom in error because they 
have been drawn up with great care by the metallurg- 
ists and engineers of the company, frequently after 
considerable consultation with steel manufacturers. 
3ut for the average sized and _ smaller companies it 
is usually more economical and practical to make full 
use of published standard specifications such as those 
of the A.S.T.M. and the S.A.E. The cost of drawing 
up special specifications will not be warranted unless 
the volume of business is sufficiently large, and further- 
more, the advantage of such special specifications is 
often negligible. 

Perhaps one of the most common mistakes in 
specifying alloy steel is to call for a Brinell hardness 
that is not comparable with the tensile strength speci- 
fied. In spite of the fact that most engineers are well 
acquainted with the approximate relationship that exists 
between the hardness and tensile strength of steels, 
as shown by the accompanying curve, steel companies 
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Rockwell ‘““C’’ Hardness 


Conversions from one scale to another are made at the intercepts with the 
curve cressing the chart. For example, follow the horizontal line repre- 
senting 200 Brinell hardness to its intersection with the conversion curve. 
From this point follow vertically upward for equivalent Shore hardness 
values (28), vertically downward for Rockwell C values (14+), and hori- 
zontally to the right for the tensile strength (96,000). 


report that they are continuously receiving requests for 
steels possessing a Brinell hardness out of line with that 
obtainable in a_ steel possessing the ultimate tensile 
strength specified. 

It may be that the error in specifying a hardness 
not comparable with the tensile strength results from 
the fact that the hardness-strength relationship is not 
exactly the same for all alloy steels. However, for 
inv steel the ultimate strength will usually be within 
10,000 Ib. per sq. in. of that given by accepted curves or 
tables for the given hardness. This permits setting an 
acceptable Brinell hardness range corresponding to 
nunimum tensile strength plus commercial allowance. 


Physical and Chemical Properties 


It nught be interred that numerous mistakes are 
also made when specifying the per cent of elongation 
or per cent of reduction of area versus the ultimate 
strength, But according to reports from steel com- 
panies, such an error is not often made. It appears 
that the designing engineers usually tie together the 
correct combination of ultimate strength, vield point, 
elongation, and reduction of area. This may be be- 
cause published test results of physical properties 
almost invariably give these four quantities. 

With reference to the desired chemical composition, 
special precautions should be taken. This should not 
he specified together with the desired phy sical prop 
erties except under guidance of considerable experience 
or competent advice. In general either one or the other 
should be stated, but not both. Otherwise one is likely to 
run into the mistake of giving inconsistent specifications 
in that the steel of the chemical composition demanded 
cannot pr ssibly possess the phy sical pr yperties specified. 
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Similarly, the engineer may be impelled to specify 
heat-treatment with the idea of getting exactly the 
material that he desires. But under no condition should 
the purchaser specify the temperatures and heat-treating 
procedure to be followed. To do so would lead to 
innumerable complications. The mass of material in 
the heat-treating furnace will be a factor in determin- 
ing the heat-treating temperature to be used. Sim- 
ilarly, the fuel used, the viscosity of the quenching 
medium and the exact chemical composition of the 
steel are all factors which will have a bearing on the 
heat-treating temperatures to be used. And as thes 
factors are beyond the control of the engineer doing 
the specifying, it follows that such details should be 
omitted. The proper method of handling this phase of 
the specifications is simply to specify the desired phys- 
icals and that the steel is to be heat-treated to give them. 

When specifying a steel that is to be heat-treated 
to possess certain definite physical properties, the 
mistake is often made to fail to take into consideration 
the mass effects. Physical properties based on heat- 
treated test specimens or specimens from small sized 
pieces cannot be obtained in larger pieces because of the 
impossibility of obtaining the same quenching effect in 
both instances. For example, it is impossible to procure 
in a 5-in. diameter round bar the same physical proper 
ties that are procurable in a 1-in. diameter round bar of 
the same steel heat-treated in exactly the same manner. 

In specifying the chemical composition, one must 
avoid the mistake of demanding an exact chemical 
analysis. To make certain that such an inconsistency 
will not occur, it is best to use the S.A.[e. analysis 
numbers. It will be noted that these S.A.E. analysis 
numbers allow ranges of carbon content of as much as 
0.20 per cent and never less than 0.10 per cent. Sim 
ilarly the manganese range in S..\.E. analysis numbers 
may spread 20 points or more. Other alloying elements 
such as nickel, chromium, silicon and tungsten may 
cover a range of 20 points to 3 per cent. Should it be 
necessary for the designing engineer to specify the 
chemical composition rather than using an S.A.E 
number, he should specify a range, being guided Dy 
those used in the S.A.E. steels. 

Relatively few mistakes are made in specifying alloy 
steels of a non-existing S.A... steel number. Sucl 
a thing may come about through the desire to hav 
a steel of a chemical composition which falls betwee: 
two successive S.A.F. analysis numbers. = On_ the 
wrong assumption that these numbers are selected 
proportional to the per cent of alloy content, th 
person making up the specifications selects a numbe: 
that falls between two successive S..\.1¢. numbers. T] 
result is that the steel manufacturer does not know 


] 
| 


whether the customer put down the wrong numb 
through a typing error, and therefore, he must chec! 
back with the customer. Of course, the proper pre 
cedure if no S.A... number is available is to spec 
the chemical composition, allowing a reasonable co 
mercial range, such as allowed in the S.A.[E. steels 

The customer should specify either the heat-trea 
ment and minimum physicals to be obtained, or 
should specify the heat-treatment and hardness desir 
It is seldom necessary that all three of these varial 
factors be specified. 

But even when specifying physical properties, th 
is a tendency to specify too many of them. Eve 
time that an additional physical property is specif 






































































































there is likely to be a conflict with those already 
specified. Thus, it is usually better to omit impact 
test specifications. Furthermore, impact strength is 
still a highly variable quantity and like Brinell hard- 
ness it varies considerably with the mass of the 
original sample. Thus, a 1-in. round and a_5-in. 
round of the same steel will give widely different 
results in impact testing, even though the specimens 
are made as nearly exactly alike as possible. Finally, 
impact tests are still a controversial subject and there- 
fore may be of little or no significance when writing 
steel specifications. 

A somewhat similar situation exists with reference 
to specifying micro-structure. It appears that some- 
times the structure of a failed part is inspected and with- 
out further investigation the failure is attributed to the 
coarse structure of the failed part. There is then speci- 
fied a steel of the same chemical composition, but a 
finer structure. However, the cause of the failure 
might have been entirely foreign to either the structurs 
or the chemical composition of the alloy. © Improper 
design, such as sharp corners, excessive principal 
stresses and similar factors might have caused the fail- 
ure. 

It is true that specifying micro-structure is becom- 
ing more and more common for both castings and 
forgings, and in these two fields, there is still much 
misunderstanding with reference to this factor. On bar 
stock, however, the understanding is more clear, largely 
because of the results of the work of the automotive 
and similar industries in establishing structure and 
erain size specifications for bar stock. In bar stock 
for general machining purpose, there is naturally a 
ereater uniformity with reference to required struc 
ture and hence a wider application for its specifi- 
cation. 
is designed for a particular purpose and depending 


On the other hand, every forging or casting 


upon the mass and shape of the part, the struc 
ture will necessarily vary even with the same. steel 
and the same heat-treatment. In view of all this it 
is better, at the present time, at least, to omit all 
specifications relative to mucro-structure. 

In spite of the fact that the modulus of elasticity 

well understood by almost all engineers, occasionally 
steel manufacturers receive specifications demanding 

specific modulus of elasticity that is outside of the 
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obtainable range. One steel company reports an inquiry 
for an austenitic steel possessing a modulus of elas 
ticity ranging from 28,000,000 to 30,000,000, whereas 
the minimum specified should have been 27,000,000. 
A similar request was for a steel that would give a 
spring of the same design a different deflection. This 
latter inquiry indicated the failure to recognize that 
all alloy steels, and regardless of heat-treatment, have 
virtually the same modulus of elasticity. 


Type of Steel 

requently, the errors are omissions to specify 
whether the steel is to be furnished as folled, heat 
treated, cold-drawn, annealed or normalized. With 
reference to bars which are usually annealed and then 
cold-drawn, the specifications will sometimes request 
the bars to be cold-drawn and then annealed. It is true 
that in rare instances it is desired to have a cold-drawn 
bar that has been subsequently annealed to remove the 
cold-drawing strains. But usually the customer actu 
ally wants an annealed cold-drawn_ bar. 

Of the same nature is the error in specifving cold 
rolling when the customer really means cold-drawn 
The former operation pertains only to thin flats, strips 
and sheets, whereas round, hex and flat bars are 
cold-drawn through dies. 

With further reference to bars, frequently the dimen 
sional tolerances specified indicate that it is to be a 
cold-drawn bar. But when this is not definitely speci 
hed, it is necessary for the steel manufacturer to go 
hack to the customer to verify this point. 

Ikven when using standard specifications, the engineer 
must guard himself against specifving that the raw 
material possess the same physicals that are to be 
possessed by the finished part. This applies primarily to 
forgings or forged parts, especially those that are heat 
treated alloys. As an example, to specify the material of 
which to make a forged crankshaft, the engineer is 
likely to select the A.S.T.M. specification for forged 
crankshafts. But these specifications pertain only to 
the finished forged product and the semi-finished or 
raw material will not have the same physical proper 
forged heat-treated 


This error is also frequently made whet 


ties that are possessed by the 
product. 


ordering steel for drop forgings. The finished product 


specification should not be used in ordering the raw 
material. 

inally, all specifications should be written in a 
universally, understandable language None but 
acecepted standard abbreviations should be used. The 


customer who specified the steel to be 
surprised that the steel manufacturer could not undet 


t 


stand that his abbreviation meant that the steel should 
be annealed, pickled, and oiled. 
Steel manufacturers are careful to first ascertain 


that their understanding of the inquiry and_ specifi 
cations 1s correct. Any ambiguities or points of doubt 
are always taken up with the customer before the 


order starts through the mill. At the best. this entails 


a loss of time and incurs an appreciable expense. Nat 
urally, the steel companies wish to avoid such misut 
derstandings as much as possible in order that they 


may be able to give better service and save needless 
correspondence and expense. Their recommendation 
is that standard specifications should be adhered to 
wherever possible. Requirements outside of — sucl 


specifications should be made as brief as possible. 





Camera parts and equipment 
of special inert phenolic 
plastics: at top is a portable 
projector, showing combi- 
nation of formerly assembled 
parts into one molding; in 
the center are several midget- 
camera parts as well as parts 
for full-size cameras. Devel- 
opment tray in foreground 























Limproved Phenolic Plastics 
Lhe Properties and Uses 


FRANKLIN E. BRILL 


General Plastics, Inc. 


Great strides have been made in the development of plastics possess- 


ing greater flexural and impact strength, higher acid and moisture 


absorption resistance and faster curing. ‘The author also points out 


new uses for molded plastics made possible by these better materials 


ECAUSE of the apparent similarity of the vari- 
ous plastics as they appear in the finished part, 
product designers are likely to overlook the 

many different types of phenolic plastics, possessing a 
wide diversity of properties, that are on the market 
today. Actually, there are more than 300 different 
grades, types and colors of molding compounds on the 
products-list of just one of the leading phenolic plastics 
manufacturers. Among these molding compounds are 
materials with properties unknown to many engineers 
and consequently opportunities to use these materials in 
designing better products are often overlooked. 

In the last few vears the strength of special phenolic 
plastic material has been increased considerably and 


former instability of parts after being molded, has 
been eliminated. Naturally, strengths do not yet equa 
those of stamped or die-cast metals, but when the part 
is properly designed and molded of the correct material 
parts stronger than necessary are easily obtained. Thus 
the great increase in the impact strength possessed b 
some of the phenolic plastics has made this materi: 
suitable for use in calculating machines, autograph 
registers, portable typewriters, time stamps, and simila 
products which must be able to withstand rough hat 
dling. Among the advantages of making such parts ‘ 
molded plastics are the decreased weight, stability 
surface finish, high wear resistance and appearanc 
Molded plastic housings as in calculating machines, cor 


462 PRODUCT ENGINEERING # DECEMBER 1936 











tribute to noise reduction because the material is non- 
resonant, and a poor conductor of sound. 

Proper design is just as important as the selection of 
the proper material when developing molded parts to 
be impact resistant. Most cases where the strength of a 
molded part has proved disappointing the cause can be 
traced to an attempt to reproduce in plastics a design 
previously fabricated from metal without any changes 
other than increasing the section thicknesses. Too often 
the designer hesitates to recommend changes that would 
necessitate a complete redesign of the parts. But where 
the part has been designed especially for plastics and 
the material manufacturer has been consulted on the 
selection of the plastic, the resulting product is almost 
invariably satisfactory. This is evident by the many 
parts requiring high impact resistance that have been 
successfully developed, such as the telephone handset, 
and the telephone bell box, dictating machine mouth- 
piece, and folding and box cameras. The phenolic 
plastic molded housing of a portable hand grinder which 
is tossed around on garage floors is a striking example 
of the amazing strength of such parts. 


The extent to which designers may go in developing 





New applications for acid- 
and moisture - resistant 
phenolic plastics, left to 
right: dispensing-mug for 
shave-cream, toilet tank 
float, steam hair-waving 
machine parts, vaporizer 
cover and pump-impeller 


Telephone parts of 
molded’ phenolic resins 
are perhaps the most fa- 
miliar example of the use 
of this material for ap- 
plications requiring high 
strength and_ toughness 


improved products with the newer plastics, provided 
they are willing to redesign completely, is almost unlim 
ited. Vacuum cleaners could be lightened and improved 
with molded housings and fans. Indeed, one manufac 
turer has such a development under way. But this 
cannot be done by substituting plastics for aluminum 
and using the same blueprints. Other possibilities are 
typewriter frames, dictating machines, automobile heater 
housings, dash panels and similar parts. To all of these 
applications plastics will bring lighter weight, wear 
proof finish, new design possibilities and a more pleas- 
ant tactile sensation. 

\nother special phenolic material which has not yet 
been widely used by designing engineers is the moisture- 
and acid-resisting type of compound. Molded parts 
made of the older materials were quickly affected by 
water and dilute acids, losing their luster, absorbing 
moisture, swelling and cracking, and were therefore not 
used where moisture or acid conditions were to be en- 
countered. Now, however, with moisture- and acid- 
resisting phenolic compounds perfected, molded parts 
can be specified even where they must remain sub- 
merged in water for many years. Indeed, one toilet fix- 
ture manufacturer is using a valve-mechanism entirely 
molded of this material, and which must hold its 
strength and close tolerances for years and is continu 
ally submerged in water. Other examples are toilet tank 
floats, pump rotors or bucket wheels, hair waving ma- 
chines, fountain pen parts and parts for medicinal 
vaporizers. In addition to appearance, the principal 
advantages are light weight and resistance to corrosion 
and rust. 

The revolution in camera manufacturing which came 
about in 1935 had to await the development of a molding 
material of high impact strength and which would not 
permit fogging of the film. The successful development 
of such a material made possible the modern light 
weight pocket cameras possessing a permanent finish 
and sold at a popular price because of the lower pro- 
duction costs when made of molded plastics. A further 
development in the application of this non-fogging 
camera material is a midget “candid-camera” with a 
fast lens which should bring the cost of this latest 
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(Above) Caustic resistance is 
important in these phenolic 
molded bobbins, spools, guides 


shaped molded piece in_ the 





other parts. The cup- 


lower left is a paint viscometer 
made of a plastic resistant to 
cleaning solvents 


(Right) Case of automatic timer 
for electric range is made of 
molded phenolics to resist hot 
grease spatterings, soap and 
water. Matching salt and 
pepper shakers fit each side of 
timer 


hobby within popular reach. A more immediate effect 
of the development of this new material was its more 
general use in cameras, projectors, developing tanks 
and other devices, because of its obvious advantages. 
Another phenolic compound possessing high impact 
strength is a self-lubricating molded material. This 
contains a lubricant which is dispersed throughout the 
material during the molding, thereby providing a per- 
manently lubricated surface. A peculiar fact about this 
material is that in a metal-to-plastic assembly there is 
less wear on both materials than in a metal-to-metal 
hearing, despite the relative softness of the organic 
plastic. And being lubricated from within the material 
itself, the molded parts are permanently squeak-proof. 
The first use of this self lubricating molding ma- 
terial was in making squeakless, oil-less bumper shoes 
for automobile car doors, against which the door align- 
ment wedge slams and rests, but other uses quickly 
followed. . 
Research by the phenolic plastics manufacturers has 
produced a number of molding materials that do not 








react with dyestuffs and caustics. 
which are non-corrosive and present a 
smooth surface. These materials 
were developed to meet the demand 
of the textile industry for a material 
that could be used in equipment for 
making the newer synthetic yarns 
such as rayon. This material is now 
being used for such things as tubes, 
spools, feeder-guides and winder 
parts. For similar textile uses, there 
was also developed a paper impreg- 
nated with liquid phenolic resin which 
withstands the caustic solutions (usu- 
ally about 10 per cent) better than 
does other materials, possesses ade- 
quate strength, retains smooth sur- 
faces and is light in weight. 

The higher voltages used in the 
ignition system in modern automo- 
biles created a demand for a molding 
material that not only possessed 
higher dielectric strengths but also 
ereater resistance to arcing fatigue, 
anew problem. Leaks across the sur- 
face of an ignition rotor or coil-cap 
cause carbon-tracking, with subse- 
quent electrical breakdown. The 
length of time that a molded part can 
resist this tracking is a measure of 
its value for this application. Plas 
tics research has been highly success- 
ful in developing a material that 
vreatly increases the life of such parts 
against arcing fatigue, thereby con 
tributing to making possible the mod 
ern high-compression automobile en 
vine. But the problem is still recety 
ing attention. 

Just a few months ago a new series 
of phenolic materials were introduced 
which feature a very fast cure 
Originally designed for high produc 
tion of small threaded parts, these 
materials are removed from the mold 
with greater ease, making possible in 
creases of 25 to 50 per cent in pro- 
duction rates, at no extra cost. They have a lowe: 
gravity and a higher strength 

Looking back only five or six years one is impressed 
by the great strides that have been made in the plastic: 
industry in the develppment of improved materials an 
new ones. In 1930 there was no acid- and moisturt 
resisting material, no friction-resistant material, n 
non-bleeding materials, no dielectric fatigue material « 
consequence. And since that time, impact strengths of 
molding materials have been increased more than 300) 
per cent, and shrinkages of the pieces as they con 
from the mold have been reduced and controlled. M 
terials have been developed which permit hot-ejectio: 
of the moldings with a rigid set which minimizes dist: 
tion upon cooling. Keeping pace with these develo 
ments are similar advances in the molding techniq 
which have resulted in more uniform, attractive a 
efficient moldings at lower cost, and which have c 
tributed greatly to making phenolic plastics one of + 
most interesting of modern engineering materials. 
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Deviations in Product Prove 
Machine Performance 


CAPTAIN L. E. 
Ordnance Department, U.S. 


SIMON 
Army 


Sampling the output of a machine for automatically loading 


artillery primers shows how assignable causes for irregular 


or unreliable operation can be disclosed by test data 


VOLVING and attaining an economic standard 
of quality for a product, and the method that 
should be pursued to give assurance that the 

product as manufactured from day to day will meet 
that standard, are illustrated by tests and the develop 
ment of a machine process for the automatic loading 
{ primers for artillery ammunition. 

The artillery primer consists essentially of a brass 
tube closed at one end by a percussion head and at the 
other by a brass screw. It is approximately 4 in. in 
liameter by Y in. long and is filled with black powder. 
The specifications for the primer under consideration 
required that the black powder charge should be 300 
grains plus or minus 3 grains. Loading was formerly 
done by hand, the operators using a volumetric scoop. 
\ percentage of the work was checked gravimetrically. 
Later an automatic machine was designed and manu 
factured by the engineering department of the Arsenal 
to replace the hand operators. Before going into pro- 
duction the question of paramount importance was, 
f course, would the machine work? To be satisfactory 
the machine would have to do two things. First, it 
would have to show a state of statistical control; that 
is, the distribution of the variations of its product must 
follow some law so that from the observation of a 
sample a prediction could be made, at least within limits, 
is to what the variation within the whole lot or batch 


will be. Also the machine would have to function on 


Fig. 1—In (a) position of dot indicates aver- 
age weight of five primers in each sub-group 
of samples taken during preliminary test, (b) 
shows the standard deviation of same _ sub- 
groups. Fig. 2—Showing improvement in state 
of control after screening old powder 
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the basis of a small number « 


f samples, otherwise the 
checking would be tantamount to hand weighing. Sec 
ond, it would have to show control within satisfactory 
limits. 

Practically all observations of any approximately 
normal distribution should fall within plus or minus 
three standard deviations of the average. The formulas 
used for estimating standard deviations are shown in 
Table I. The dotted lines on Fig. la are drawn at 
plus and minus 3 standard deviations of the average 


Sz from the mean of the averages. If any dot repre- 


TABLE I 
FORMULAS USEDIN COMPUTING CHARTS 
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Fig.4b 


Fig. 3—Quality control chart for an eight hour trial run of machine, twenty samples 


per hour divided into five sub-groups of four. 


Fig. 4—A rearrangement of Fig. 3 on 


the basis of twenty samples per hour treated as one sub-group to show lack of control. 


3:15- 4:00 BM, 





senting the observed average of a sub-group should 
fall outside of these limits, such an occurrence should 
be strong evidence that the average amount of powder 
placed in the tube is in fact changing from time to 
time, since the observed change is greater than that 
expected from a constant system of chance causes. In 
like manner, the dotted lines on Fig. 1b are drawn at 
plus and minus 3 standard deviations of the standard 
deviation Ss. If any dot representing the observed 
standard of a sub-group should fall outside these limits, 
such an occurrence would be strong evidence that the 
dispersion of the individual units about the average is 
being affected by some factor, since the observed 
measure of dispersion is varying by an amount greater 
than that expected from a constant system of chance 
causes. 

As a preliminary test the machine was run for a 
short period of time and ten samples of five primers 
each were taken. The weight of powder in each sample 
primer was carefully determined on a master chemical 
balance and recorded. The average + weight of each 
sub-group of five was computed and plotted as shown in 
Fig. la; and S the standard deviation (square root of 


the mean of the squared deviations from the average ) 


as shown in Fig. 1b. 

These two simple charts tell a most important story 
and constitute a dual test of production. First, they 
indicate with a high degree of reliability whether ot 


not causes for variation other than mere chance causes 


(which in general cannot be controlled) exist in th 
product; second, they indicate whether or not som 
simple laws of probability apply to the product as manu 
factured. They are a guide to action. Generally, if 1 
points fall outside the limits the product is as go 
as it is economically possible to get it without resoi 
to another process; and, at least, it is dependable sin 
the expected range of variation can be predicted wit 
any desired degree of precision. In like manner, t! 
presence of a point outside the limits indicates t! 
presence of an assignable cause for irregularity whi 
should be discovered and eliminated. 

Fig. la and 1b show no evidence of an assignal 
cause. Apparently a state of statistical control exis 
and from the observation of a sample, one may predi 
at least within limits, the expected variation within 
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of each sub-group of five was computed and _ plotted 


rains 


verages 





entire product. However, statistical control, like any 
other tool placed in the hands of an engineer, must be 
interpreted in the light of engineering judgment. En- 
gineers familiar with this type of work know that 
variation is influenced by the weight of charge, the 
weight of the particles composing the charge, and the 
variation in size of the particles. Hence an investiga- 
tion was made of the process with a view to minimizing 
even the range of chance causes, and results were quite 
gratifying. 

It was discovered that the black powder was old war- 
time stock which contained a large percentage of dust 
which lodged in varying (although purely chance) 
amounts in the spaces between the larger particles. The 
powder was screened to conform with current specifica- 
tions, which removed the fine dust, although the pow- 
der was still composed of pieces of different sizes, 
which varied from the largest that could go through 
the passer screen to the smallest that could be retained 
on the duster screen. The smaller pieces could still 
partially fill the spaces between the larger pieces; but 
a large cause for variation had been removed, that is, 
the dense filling of the spaces by dust in one volumetric 
measure as contrasted with the lesser filling in another 
was eliminated. The test was then repeated and the 
results plotted as shown in Fig. 2a and 2b. These data 
again show a state of control and the variation as rep- 


resented by the observed standard deviation is 1m- 
proved by over 30 per cent. This test was then ex- 
tended to a sufficient degree to insure the significance of 
the improvement. 

Now that the machine demonstrated control, 
should the machine process be put in production? The 
answer is no. Experience has shown that a variety 
of unforeseen variables can make themselves felt in a 
period of time; and no test is conclusive unless it covers 
a rational cycle that can be logically expected to include 
all variables. Accordingly, the machine was run for an 
entire 8-hour day, and 20 samples taken at approxi- 
mately equal intervals of time during each hour. [tach 
of the samples of 20 was divided into five sub-groups 
of 4, in the order taken, and control charts plotted as in 
Fig. 3, for the average and standard deviation. 

These charts reveal a startling fact. Although there 
was no evidence of lack of control of production, from 
hour to hour, and although the dispersion as represented 
by the standard deviation was very uniform throughout 
the entire day, the performance of the average from 
hour to hour was very irregular. Note how the group 
of averages for 10: 00-11:00 a.m. dropped; how the 
averages rose again at 11:00 a.m. and dropped again 
at 2:30 p.m. Although the information could be read 
from Fig. 3, control charts were drawn for 20 samples 
from each hour treated as a single sub-group as shown 


has 





Fig. 5—Test data covering an eight hour run after blending a day’s supply of powder in tumbling 


barrel, twenty samples per hour divided in five sub-groups of four. 


Fig. 6—Charts (a) and 


(b) are replots of Fig. 5 on the basis of twenty samples per hour treated as one sub-group 
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in Fig. 4a and 4b. These charts indicate graphically 
the presence of an assignable cause for variation in the 
average weight from hour to hour. The charts thus 
far indicate that the assignable cause for variation is a 
function of time; that the cause makes itself felt at in- 
tervals of one to three hours; and that the cause 1s prob- 
ably outside the machine itself, since the machine can 
repeatedly go through all the cycles for a short period 
of time without evidence of an assignable cause of varia- 
tion. A little investigation showed that the operators 
had dumped in a new can of powder almost regularly 
on the hour; ergo, the raw material must have varied 
from can to can. The chart not only indicates the pres- 
ence of trouble, but even indicates its nature. Appar- 
ently, some cans of powder contained a larger percent- 
age of grains of various sizes, within the limits permit- 
ted by the screens, than others. Hence, when the ma- 
chine was using a can of the more variable powder, the 
weight per given volume was increased, because of the 
filling of the spaces between the larger grains; and the 
average weight of charge increased. With a can of 
more uniform powder, the reverse was true, and the 
average weight per charge decreased. 

To eliminate the excessive variation in the powder, a 
sufficient amount was blended in a tumbling barrel for 
an entire day’s run; and the test repeated and plotted as 
in Figs. 5, 6a and 6b. One may now well believe that 
the machine process is performing satisfactorily. These 
charts do not indicate the presence of any assignable 
causes for variation in the product. 

The machine process of automatic loading can now 
be put in service with confidence. There is sufficient 
evidence to believe that the product is as nearly uni- 
form as can be expected, It is not necessary to make 
guesses based on unscientific sampling procedures con- 
cerning the variation of a product; the existence of 
statistical control enables one to scientifically predict 
from a sample the expected variation in the whole 
product, within any desired degree of probability. No 
extensive sampling or large scale inspection is necessary. 
It is only necessary to set or check the machine each 
morning, and to take a few samples throughout the 
day's run for the purpose of keeping a running check, 
in the form of a control chart. This running check in 
the form of a control chart will keep the manufacturer 
constantly posted as to his level of production from day 
to day; serve as a constant sentry on guard to detect 
trouble; and be a most authentic guarantee of quality 
of the product when it is completed. 

Another worthwhile point is yet to be gleaned from 
this test. The first part of this article stated that the 
specification required that the primer be loaded to 300 
grains plus or minus 3 grains. Will the machine weigh 
to that accuracy? No. Fig. 6b indicates that the ex- 
pected standard deviation is approximately 2 grains and, 
since the individuals of a lot are expected to vary from 


the mean by as much as three standard errors, some 
primers are expected to occur which vary from the mean 
by as much as three times two, or more than 6 grains. 


What is the answer to this dilemma?’ The answer 1s 
almost absurdly simple, but highly disconcerting. Most 
present day specifications simply do not specify. They 


fail in one of the most important criteria of all specifica- 
tions; namely, that the specification means the same 
thing to all concerned. Not only must a specification 
state the acceptance limits, but the number of samples, 
number of measurements, and the manner in- which 
they will be taken and the results interpreted. The shop 
personnel interpreted this specification liberally. They 
loaded by hand, using a volumetric scoop, and checked 
every tenth primer gravimetrically with respect to the 
upper and lower tolerance limit. Occasionally one failed 
to fall within limits; but then retests are practically 
always permitted. The engineers in charge of the test 
program interpreted the specification literally and in 
the only really definite way possible, that 1s, all primers 
should be within the specified limits. They therefore 
established a state of control so that from a sample the 
expected limits could be satisfactorily predicted for the 
whole lot. 

The shop personnel were astounded when it was sug- 
gested that the hand loaded product had never met the 
specification ; but actual examination of a sample of 50 
taken from the regularly accepted product revealed a 
far greater dispersion than the machine would ever give. 

Limits must be set which are economic. When the 
tolerance is somewhat greater than the range within 
which the product can be controlled, production 1s 
cheapest, since all that is required is a percentage check 
to insure the maintenance of control. As the tolerance 
is reduced beyond this point the cost of the product 
increases rapidly, since not only is 100 per cent inspec- 
tion required, but the per cent rejected rises at a dis- 
proportionate rate as the tolerance limits are reduced 
within the contol limits. 

To determine a satisfactory tolerance, a considerable 
number of primers were loaded at 310 grains and a 
like number at 290 grains. These were tested at the 
Proving Ground by firing in regular service ammunition 
and it was found that such variations in the primer pro- 
duced no sensible variation in the performance of. the 
ammunition. Hence, no closer tolerance than plus or 
minus 10 grains was necessary. The specification was 
therefore changed to require that all primers be within 
plus or minus 10 grains of the designated charge. 

One naturally asks, did the machine process meet the 
standard? The answer is ves. At no time throughout 
the months of manufacture during which hundreds of 
samples were taken was the entire tolerance used, 
either by any of the numerous samples taken, or )y 
the expected range of variation that one could predict 
from the observation of the samples. 





Almost everybody has heard about the “Customer Research” conducted by General Motors. 


How is such research conducted? How are the results interpreted and acted upon? What 


is the value of such research to the product designer? How might the small and medium-size 


company get the benefits of “‘customer research?” These and similar questions will be answered 


in a series of articles beginning in the February number. 
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Design of Mechanism for 


Small Switch of High Current Capacity 


ARTHUR RICHE 


C.F. Burgess Laboratories, Inc. 


@ Designs sometimes require small 
electric switches capable of handling 
moderate currents at line voltage and 
which can be operated through a 
short distance with a relatively small 
force. To carry such currents, how- 
ever, many small energy switches re- 
quire intermediate relays, 
plicated circuits and greater space for 
installation. The switch mechanism in 
the accompanying illustration 
and closes with a quick, positive action 
for high current interrupting capac- 
ity, and is housed in a plastic molded 
casing, approximately 1} in. by @ in. 
by ? in. high. 

The positive snap action of the con- 
tacts is accomplished by a three-bladed 
spring, so formed as to make two op- 
posing spring systems. The construc- 
tion shown in Fig. 1, shows this mech- 
anism with contacts in the open and 
normally closed position. In Fig. 2, 
is illustrated diagramatically how the 
forces on the spring members open 
and close the contacts. 

Essentially the switch consists of a 
movable contact and a fixed contact. 
The movable contact is supported at 
point P by a fork shaped spring hav- 
ing three blades. The long central 
nember 7 is in tension and the two 
shorter outer legs C are in compres- 
sion. In diagram I, Fig. 2, the posi 
ion of the spring arms is shown 
under normal conditions when no pres- 
is applied to the operating 
plunger. The tension member 7° is 
above the “pivot line’ (shown as a 
broken line joining two ends of mem- 
bers C, and in this position the com- 
pression members C and tension mem- 
her T oppose each other. The diagram 
at the right shows the two force vec- 

s acting on point P, the resultant 
RK being the force which acts to keep 
contacts closed. 

n diagram II, a force F is applied 

point on the tension member 7, 
at. as shown, this force is just suffi- 
Ci it to maintain the switch in equi- 
lil ium. Actually, it would be difficult 

laintain this position. In the force 


more conm- 


opens 


sure 1s 


Compression 
_~7 member 


Tension member T 





Contacts normally 


closed 








diagram at the right, both the tension 
and compression vectors are equal but 
opposite in direction so that the re 
sultant pressure FR on the contacts 1s 
zero. 

In diagram III, the force F in dia- 
gram II has been increased a small 
amount to F,, this additional 
changing the position of the tension 
member 7, so that it is no longer in 
direct opposition to compression mem- 
ber C, but is below the pivot line. 
Hence, the resultant R acts downward 
and pulls the contacts down to the 
position shown. As P moves down- 
ward and the tension member 7 drops 
more and more below the pivot line, 


force 


the force R increases, thereby giving 
greater speed to the snap. The force 
diagram at the right indicates the 
forces after the switch has’ been 
tripped open. A very small decreas: 


PRODUCT ENGINEERING # DECEMBER 


Small 


tion. 








switch inclosed in plastic 





reverses thi 


in force Ff 
tion and causes contact to be 


switch ac 
made 
again. 

Only a small actuating force F op 
erating through a very short distance 
is needed to “kick over” the mech 
anism when it has been adjusted near 
its critical point. Thus, by prope rly 
proportioning and locating the vari 
ous spring members, it 
commercially make a 
can be actuated by forces as low as 15 
oz., the operating plunger having but 
0.001 in. travel. Only 4 oz. difference 
in the plunger pressure is needed to 
snap the contacts back to their orig 
inal position. By the use of 
contacts, and by 


is possible to 


switch which 


silver 
adjustment of the 
switch gap for maximum current dis 
ruption, currents as high as 10 amp. 
can be safely opened at 125 volts, and 
overloads of 300 per cent rated load 
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housing 
134 x % x 34 in. high, has single combination 
tension and compression spring for snap ac- 
Diagrams show different positions of 
the three spring blades and how forces act 








can be broken in emergencies. 

Switches with this type of mech- 
anism are applicable to thermostats, 
pressure switches, flame controls, hu- 
midistats, electrical counters, signal 
systems, operation sequence controls 
and similar devices where sensitivity 
and compactness are of paramount im- 
portance. Because of the very small 
movements required to trip such a 
switch, it can be used as a precision 
limit switch to stop or reverse motors, 
or for maintaining close dimensions 
on automatic sizing mechanism on ma- 
chine tools. 


Thread on Lathe Spindle 
Nose Eliminated 


@ Instead of having a conventional 
coarse thread on the spindle nose of 
a lathe, the chuck or face plate can 
be mounted on a hardened, tapered 
bearing and retained by a threaded col- 
lar, as shown in the accompanying il- 
lustration. A key is fitted into the 
tapered portion, acting as the driver, 
thereby eliminating any backing-off 
hazard. In this design, the attached 
member is threaded externally and re- 
tained by a knurled and threaded col- 
lar loosely mounted behind a low-step 
flange. Whereas the mounting of 
heavy chucks on threaded _ spindles 
was formerly a slow operation because 
of the necessity of thread alignment, 
the new design is said to require but 
15 sec. to take off or put on a chuck 
or face plate. 


Composite Bearing of 


Babbitt-Bronze-Steel 


e \ccording to Oxy-Acetvlen lips, 
solid cast bronze bearings weighing 
20 lb. each were previously used for 
the connecting rods of a certain mallet 
type lumber locomotive. Because of 
the heavy pounding to which the bear- 
ings were subjected, not only did out 
of-roundness result, but the bushings 
also became loosened to such an ex- 


A ‘Bush Ng 


AY 


Connecting rod 


Steel she/! press 
Al 3" k ed into rod 
8 »/ B / ba 
Babbitt o 
meta/ BS se ane 
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Surface 


° shoulderand 
oe gam ot Pe'%.*.* 900 Oe ee"s” 3 ¥ thickness f 
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Steel and bronze-backed bab- 
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3kin. taper per ft.- 
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‘ul Had Speaiys Z 


Hollow head cap 
screws 


| Spindlle nose has minimum 
harolness of brinell 360 


Chuck and face plates on Le Blond lathes held on hardened and 


ground tapered spindle nose with clamping collar and driving key 


tent that replacement was necessary 
every two months. In the new design 
shown in the illustration, a steel shell, 
machined to a press fit, is coated on 
the inside and ends by oxyacetylene 
flame with a layer of bronze, using a 
bronze welding rod. The shoulders 
are built in toward the center, leaving 
a recess for the babbitt bearing sur- 
face. As the inner surface of the 
bronze shell is left rough as applied by 
the blow pipe, the babbitt becomes an- 
chored in place after being poured 
around the connecting rod pin. The 
completed bearing is then pressed into 
the connecting rod under 16 tons pres- 
sure, making a tighter fit than for- 
merly obtainable with solid bronze. 
Bronze was used for the intermediate 
layer in order to provide a_ soft 
cushion for the babbitt. Although there 
is little difference between the life of 
the babbitt and bronze materials it was 
found to be simpler to rebabbitt than 
to rebuild with welding bronze, the 
latter requiring a final machining op 
eration on the flanges. 


Errata 


@ \ typographical error appeared in 
the formula for the design of a 
solenoid on page 312 of the August 
issue. The figure 2 should be the ex- 
ponent of clearance L. The corrected 
formula is: 


bitt bearing used in lumber E is hh , 9.009 
locomotive connecting-rod "4 | 7,000,000 1 
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Cadmium Plates Springs 


@ The trouble H.A.R. has been hay 
ing with brittleness in cadmium plated 
springs (page 2 September issue undet 
caption “What’s Wrong Here?’”), has 
no doubt been due to the hydrogen en 
trapped during the plating process 
This hydrogen can be driven off by 
heating the springs to 350 deg. F. for 
about 3 hr., thereby leaving the springs 
in their normal condition. While we 
have plated springs to increase their 
resistance to corrosion, we have not 
experimented to verify the manufac 
turer’s claims of 100 per cent in 
crease in endurance limits —W. J. | 


) \ 
Paterson, N\. J 


Ihvhy Elliptical Gears? 


lo the Editor: 
@ At one time in this country (En; 
land) elliptical gears were in co! 
siderable use for the quick-return 
ciprocating strokes of shaping a1 
slotting machines and in shafting ke 
seaters, but have been superseded 
off-set crank and cam mechanis! 
However, they are still used in certa 
textile machinery where it is sat 
factory to use cast-tooth gears. 
This type of gear is admittedly u 
ful where the tooth velocity is 
great, and if some reasonably good a 


cheap way of cutting the teeth coud 


be developed they might be used m 


than at present. But, production ‘s 


1936 
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ql 
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not easy. To generate the teeth re- 
quires either special machines or ex- 
pensively equipped standard machines. 
For this reason gear manufacturers 
will not consider the expense unless 
assured of a demand for them. 

In this country, approximations are 
used for occasional requirements, the 
gears being regarded as composed of 
four circular sectors. \fter cutting, 
the teeth are trimmed by file and 
scraper to make them run_passably 
well. As the final cost, thus produced, 
is so much greater than a reasonable 
substitute mechanism, there is little 
inducement to use them freely. 

—Francis W. Suaw 
Whitworth, England 


Modifying Geometric 
Progression of Speeds 
FE. J. RANTSCH 

Hollis. N.Y. 


@ Although the speeds and feeds of 
some machine tools are in geometrical 
progression, the question arises as to 
the advisability of using such a pro- 
gression because of the wide variation 
between steps in a given range of 
speeds or feeds. Usually the differ- 
ence from step to step in the lower 
speeds is too small and similarly the 
difference between the successive 
higher speeds is too large. It would 
seem that some other method giving 
more uniform increases would be more 
desirable. 

For example, 16 speed changes are 
required, from 20 to 200 r.p.m. By 
geometrical progression, the constant 
multiplier is 1.1659, and the calculated 
speeds with differences between steps 


Geometric curve 


o 


o 
" 
) 

mS) 
a 
i) 
o 

w 

e 
° 
L 
ev 

2 
E 
>) 
4 


9 
) 
7 
6 
) 
4 
3 
2 


_ 


a 4 





TABLKI. I—Geometrical Progression 
rR.p.M. Differ oR py, | Differ- 
ence ence 

20.0 68 .4 9.7 
23.3 3.3 79.8 11 
27.2 3.9 93.1 13 
on. 4.5 108.5 15.4 
a7 .0 5.3 126.5 18.0 
43.2 6.2 147.4 20.9 
50.2 7.0 111.6 24.2 
58.7 5.5 200.0 28.4 


TABLE I[II—Suggested Progression 





lyhfher <n 
R.P.M.| Dilfer- | p p.m. | Dilfer: 
20 88 12 
25 o 101 13 
31 6 115 14 
38 7 130 15 
16 Ss 146 160 
55 QY 1603 17 
05 10 181 18 
76 11 200 19 
are as shown in Table I. Whereas 


there is an increase of only 3.3 r.p.m. 
between the first two speeds, the in 
crease of 28.4 r.p.m. between the last 
two speeds would perhaps be too great. 

In Table II are shown speeds and 
differences between steps which 
progress with greater uniformity. In 
shown in the 
table, the progression between the var- 


a range of speeds as 
ious steps is only one r.p.m. greater 
than the preceding step. The lower 
speeds have been stepped up and the 
higher speeds have been stepped down. 
The curves in the chart below for 
determining steps in a range of speeds 
illustrates how the suggested progres 
sion varies from arithmetical and geo 
metrical progression. 


Curve produced by 
method described 


O 10 20 30 40 50 60 70 80 90 100110 120 130 140150 160 170 180 190 200 


Speeds 20 to200 





A comparison of the steps procurred by geometric 


and arithmetic progression and the method suggested 
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I] abble Motion Adjustable 
With Spherical Collars 


lo the Edito) 


@ An assembly for obtaining a wabble 
motion wherein no shims are required 
and which can be rigidly clamped, is 
shown in the accompanying illustra 
tion. Two convex collars are mounted 
on a shouldered arbor, one of the col- 
lars being threaded tor clamping pur- 
two disk 


poses. The se collars engare 


Disk 


_ Disk 


‘agit j 
flanges 


Convex 
co//ars 





Amount of wabble or offset is 
adjustable by use of spherically 
seated collars for holding the 
disk on the rotating spindle 


flanges having spherical depressions 
concentric to the oversized bored hole 
in the flanges. Because the disk is 
relatively thin, the disk bore need 
only be slightly larger than the arbor 
in order to obtain the full range of 
tilt. 

\lthough the application is shown 
as an experimental face cam with a 
spring-backed follower, the setup can 


be used for high-speed duty such as 


on wood cutters. The disk flanges 
are both thrown somewhat off the 


horizontal center line but in opposite 
directions, and being diametrically op- 
posite each other, running balance is 
sufficiently close at usual speeds. There 
is however the unbalance caused by the 
c uple created by the eccentrically 
mounted disk flanges J. E. Hy er 


Peoria, Ill. 





IVhat ts Durhy ? 


Io thr I:dito 


@On page 2, 
pondence,” August, 1936 issue, we note 
the caption “What is Durhy?’” from 
B.E.H., Springfield, Mass. A num 


her of vears ago we used some of this 





Corres 


“Tntimate 


material, obtained from the Globar 
Corporation, Niagara Falls, N. Y. 
A. L. ULMER 


rt IVayne, Ind. 



















Load may be 
applied > this 
direction oron 


top 





AK L ypical Welded Bases 


Examples of welded construction for bearing 





support, slide lever, frames and connecting rods 


Fig. 10—A 3-channel support, wherein a load may be applied at several 
pomts. Rectangular pieces are welded in the members as continuations 
of the channel flanges. 


Fig. 11—A frame, to which a vertical support may be added, is built 
up of a T and four angles. All corners are square, consequently there 1s 
no scrap. 


Fig. 12—Anti-friction bearing housing is supported by web and flanges 
for I-beam effect. 


— Fig. 13—For a connecting road, the web of the I-beam is reinforced and 
a suitable bearing inserted in the hole. The top, bottom and end of the 
[-beam are also reinforced. 
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and Pedestals-I1 


Fig. 14—Box section is reinforced at intervals with angles cut to con- 

form to the box shape. Sheets or plates are then attached to the flat 

outer surface. 

Fig. 15—Construction of heavily loaded tension or compression member 

to which easily removed parts are assembled. All connection holes are 

outside the main support. 

Fig. 16—J wo plates, a tube and I-beam are used to form the connection 

for a boom to mast on small derrick or hoist. 

Fig. 17—Built-up bracket for adjustable traverse tie-rod is welded 

within channel flanges, angles being used to brace the channel. Load 1s 
: applied to plate at top (not shown). 

Fig. 18—Slide lever built up from plates, two of which are shaped, 
| slotted and drilled. Rectangular plates are welded at two places on each 
e formed member. 


(The Lincoln Electric Company) 
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NEWS 











The 1937 Automobiles 


Some of the mechanical refinements as described 
here might, in principle at least, find appli- 


fields 


cations in other 


MONG the many refinements in 

details that feature the 1937 au- 
tomobiles, there are some that are of 
a fundamental nature of special in- 
terest to designers in general. The 
new features such as increased head- 
room, better visibility, wider bodies 
and new style trends as reflected in 
radiator grilles, instrument panels and 
body lines have been well described 


in the daily press and automotive 
publications. 
Last year Studebaker introduced 


the hill holder which this year is op- 
tional equipment on Terraplane and 
Hudson. As the name implies, this 
device prevents the car from rolling 
backwards when starting on a_ hill. 
With the car on an incline, and clutch 
out, a check valve is held closed by 
a ball rolling down on the valve. 
This locks the hydraulic lines to the 
brake cylinders so that the fluid in 
them, under pressure, is not released 
when the brake pedal is lifted. But 
as the clutch pedal is raised and the 
clutch comes into engagement a_ by- 
pass is opened, releasing the brakes 
simultaneously as the engine picks up 
the load. If it is desired to reverse 
on a hill it is merely necessary to 
raise the clutch pedal slightly to re 
lease the brakes. 

Essentially, the hill holder is a de- 
vice for coordinating a hydraulic op- 
eration with another function that 
normally operates independently and 
is not controlled hydraulically. The 
effectiveness and dependability of this 
device is attested by the fact that this 
is the second year of its application 
and this year is offered as optional 
equipment on two other makes of cars. 

\nother interesting mechanical de- 
vice introduced this vear, 
Studebaker, is a safety cylinder door 
lock. The end of the evlinder extend- 
ing out from the door has “teeth” that 
the latch. The end inside 
the door is cut as a ratchet which is 
activated by a pawl connected to the 
door handle and a heavy spring. Be- 
cause the face angle 


also. by 


Serve as 


between — the 
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of product design 


CAMSHAPT PLUG 
GASKET 
OPERATING Lever 


VALVE Bopy 
ny: 
Zo 


Po 

















VALVE SEAT 


OUTLET 

— 
Demonstrating the _ ease 
with which the doors of 
the 1937 Studebaker 


Presidents and Dictators 


de can be shut. Only the 
= slightest pressure is 
= needed, yet when the 
= g doors are shut they are 
=| held firmly. Studebaker 
is pioneering this new 
= type of rotary door lock, 
which actually locks 
a tighter and more firmly 
BALL CHAMBER Heap aA with — 
BALL CAGE spRing SHAFT RUBBER wi pr 
CAMSHAFT sping, B sides | — To Masri Beane 

GASKET r VALVE SEAT 
GASKET OPERATING LEVER CAMSHAFT PLUG VALVE BODY | OUTLET 

Hill holder above _ with | | 

clutch engaged. Reach 


rod (not shown) connects 
the clutch and “operating 
lever.”’ When driving 
upgrade the ball _ rolls 
back against “rubber seal”’ 
held in “ball cage.”” Upon 
throwing out clutch, ‘“‘cam- 
shaft” allows ‘“‘ball cage 
spring” to move “ball 
cage”’ to the right, seating 
the “rubber seal’? on the 
“valve seat,’’ as in illus- 
tration to the right, 
thereby locking the hy- 
draulic fluid in the brake 


cylinders 


CAMSHAFT SPRING 


pawl and ratchet wheel is less than 
the friction angle, the pawl and ratchet 
lock positively. Vibrations that might 
sufficiently reduce the pressure be- 
tween ratchet and pawl teeth will 
cause the spring to push the pawl fur- 
ther into engagement, locking the 
door tighter. 

To compensate for the expansion of 
the valve stems in their overhead valve 
engine, Buick uses aluminum die-cast 


rocker arm brackets. The higher co- 





BALL CHAMBER HEAD—~ j 
BALL CAGE SPRING 7 
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efficient of thermal expansion ot 
aluminum adjusts the position of the 


rocker arm so that the valve stem 
clearance remains constant for any 
temperature of the engine. 

All cars except Chevrolet, Ford 


Hudson, Lincoln Zephyr, Studebaket 
and Yerraplane have a chain drive t 
the camshaft. Cadillac V-12 an 
V-16, Duesenberg and Lincoln V-1: 
have automatic chain tension adjust 
ment, and all Packards have the Mors: 
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stiff-back chains to prevent whipping. 


All General Motors, Packard, 
White, Hercules, Waukesha and In- 
ternational Harvester engines have 
crankshafts with journals local hard- 
ened by the Tocco hardening process 
developed by the Ohio Crankshaft 
Company. A detailed description of 
the process will be found on p. 450 of 
this issue. 

More use is being made of synthe 
tic rubber, especially for seals and 
in the hydraulic brake system. Buick 
uses Chevron packing with a Duprene 
annular ring for the pump packing. 
Olds pump has a flat graphite washer 
backed by a Duprene seal, which in 
turn is backed by a bronze spring. 
Plain cork seals formerly used in the 
Buick torque tube have been replaced 
by a Duprene (synthetic rubber ) 
bonded cork washer. 

Spun glass has also found its way 
into the automotive industry. New 
storage batteries have their positive 
plates incased in mats made of finely 
spun glass. 

As a further step toward easier 
braking, Rockwell Products Company 
have introduced their “Electroflo” 
unit. This consists of an electric 
driven pump which maintains a pres- 
sure of 450 to 500 Ib. per sq.in. in a 
spring loaded accumulator. Pump cuts 
in and out automatically. The brake 
pedal merely operates the valve that 
controls the flow of pressure fluid to 
the operating brake cylinders. 

Car interiors have been made more 
attractive by a greater use of colored 
plastics and more attention has been 
paid to safety features and conveni- 
ences. Many of the cars have a duct 
leading from the car heater to the 
windshield to furnish a blast of hot 
air for defrosting. Colored plastics 
are used more extensively to brighten 
the interiors. Among the safety fea- 
tures, practically all cars have the door 


handles curved toward the door, al- 


lies are fastened on outrigger 
tkets, the rubber mountings of 


ith are not compressed by the 
ty bolts 






















































































most touching it, to prevent catching 
of clothing. Instrument panels have all 
knobs recessed. All Chrysler cars 
have the top of the front seat thickly 
padded with sponge rubber so that 
rear seat passengers will not be hurt 
by sudden stops. 

To obtain wider bodies without in- 
creasing the width of the chassis, 
Chrysler bodies are mounted on rubber 
spools carried by brackets extending 
out from the chassis. The body bolt 
passes through a tubular spacer in 


the center of the spool, the spacer pre- 
venting excessive tightening of the 
body bolts. 

Wadding between sheets of paper, 
special paper, hair-felt blankets and 
mineral wool are being used for heat 
insulation and to deaden noises. The 
General Motors Greyhound buses have 
Tohns-Manville “Hardboard,” per 
forated with } in. holes on 9/16 in. 
centers, to deaden sound. The blocks 
are supported in grooves in the base 
of die-cast purlines. 











Armco to Build 


New Laboratory 


OMPLETE in every detail, the 
C new research laboratory of the 
American Rolling Mill Company at 
Middletown, Ohio, will embrace facili- 
ties for every conceivable type of 
metallurgical research and testing. In 
addition to the roomy offices of Dr. 
Anson Hayes, Director of Research, 
and his staff, there will be a library, 
a display room, a large conference 
room, chemical, physical, micro-pho- 
tographic, X-ray and calibrating lab- 
oratories, special departments for in- 
vestigational work in the fields of 
melting and refining, forming behav 
iors, porcelain enameling, metallic and 
non-metallic coatings, corrosion, and 
welding of various sheet and_ strip 
products. Additional specialized de- 
partments for testing railroad wheels, 
electric furnace steels, magnetic steels, 
cold mill products, and perfecting gal 
vanizing, pickling, annealing and _pol- 
ishing methods are being provided. 

The building will have cream col 
ored porcelain enamelled sheet stcel 
side walls with contrasting bands of 
stainless steel and broad areas of glass 
block. There will be more than 50,000 
sq.ft. of floor area, all on one level. 
The entire building will be equipped 
for summer and winter air condi 
tioning. 


See _ Bs ; 
Rese arch Re Ve als 
Design Preferences 

dS J 
HE latest tabulations made from 
the General Motors Customer Re 


search questionnaires, mailed annu- 
ally to more than 1,000,000 motorists 








throughout the country owning. all 
makes of cars, indicates a marked in- 
crease in public approval of the trend 
toward streamline design in automo 
biles. Whereas last year 77 per cent 
of the returns expressed approval of 
streamlining, this year the figure has 
increased to 90.4 per cent. 

Other interesting design features 
that were voted upon in this nation 
wide effort to determine buyer pref- 
erences in automobile design, and the 
percentage who voted for them, are: 

Solid steel tops, 85.2 per cent 

No draft ventilation, 86.7 per cent 

Stabilized front end construction, 89.4 
per cent 

Radio-equipped, 71.8 per cent 

I‘loor free from tunnel, 74.5 per cent 

Eight general characteristics greatly 
in demand were safety, comfort, ap 
pearance, ease of control, first cost, 
smoothness, pickup and speed. 


New Research 
On Optical Glass 


) BROAD program of fundamen 
A tal investigations on the chem 
istry and physics of glass surfaces, to 
aid in the development of scientific 
apparatus and ophthalmic instruments, 
has been started at Mellon Institute 
of Industrial Research by the Bausch 
& Lomb Optical Company, of Roches 
ter, N. Y. The first studies will be 
concerned with the effects of environ 
mental factors on the durability of the 


various types of glass used in optical 
instruments. 

The Bausch & Lomb Optical Com- 
pany, whose research in optical glass 
dates from the initial work of William 
Bausch in 1912, has maintained a fel- 
lowship at Mellon Institute since 1931 
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for research on various plant and pro- 
duction problems in optical technology. 
New developments in the past have in- 
cluded for optical 
instruments, ultra-violet 
transmitting optics, improved methods 
for making and testing mirrors and 
standardization of the 
fine abrasives used in grind 
ing lenses. 

Dr. Krank L. Jones, the fellow since 
1931, will be in charge of the new 
investigations ot the Bausch & Lomb 

1 Company at Mellon Institute. 
\n enlarged staff: will continue the 
work on plant problems at the new 
laboratory of the 
in Rochester. 


improved 


greases 


cements for 


reflectors, and 
SIZES ot 


( ypt ica 


research company 


Leipxig Trade Fair 
Dates Announced 


HE next Leipzig Trade Fair, the 

1,977th session of this oldest and 
largest world market, will be held 
from February 28 to March 8, in- 
clusive, maintaining its unbroken rec- 
ord through centuries. The 
improvement in world trade 
is reflected by the 8,000 exhibits 
gathered from 26 of the leading pro- 
ducing countries, including the United 
States, that will be shown. 

It is expected that the business 
turnover of the Fair will better its 
average $400,000,000  ex- 
clusive of reorders. Exhibits will oc- 
cupy more than 1,000,000 sq.ft. of 
floor space, and will be both more 
numerous and varied than last vear. 


seven 
veneral 


record of 


Battelle Institute’s 
New Research Plan 


RUSTEES of Battelle Memorial 

Institute have announced a new 
plan to extend the scope and utility of 
the educational features of the Insti 
tute’s basic program of scientific re- 
search. 

\ new Division of Research Asso- 
ciates has been established to supple- 
ment the work in fundamental science 
of the technical staff. The 
purpose of this new division is to offer 
intensive training in practical research 
to the best of the younger workers in 
selected branches of chemistry, metal 
lurgy, fuels and ceramics. Appoint- 
\ssociate will be 
made for one year’s duration and may 
we extended for a second year. A re- 
will be expected to 
research 
problem approved by the director and 
supervised by members ot the Instt- 
tute statf. The results of these re 
hes will be published in order to 
contribute information that will be 


recular 


ments as Research 


, 
search associate 


devote his entire time to a 


seare 
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James A. Hall Dies 
After Short Illness 


ROFESSOR of mechanical en- 
gineering at Brown University 
since 1914, and consulting engineer at 
the Brown & Sharpe Manutacturing 
Company, James A. Hall, 48 years old, 
died on October 29 at the Jane Brown 
Hospital in Providence, Rhode Island. 
Death was the result of a brain tumor. 
James A. Hall was graduated from 
Brown 1908 and_ re- 
mechanical en- 


University in 
ceived his Sc.B. in 
gineering in 1910. In addition to serv- 
ing on the faculty of Brown Uni- 
versity, he was consulting engineer for 
Brown and Sharpe Manufacturing 
the develop- 
ment of cam contours and automatic 
mechanisms. Many of our readers 
will remember him for his numerous 
articles that have appeared in Product 
Engineering on cam design and related 
subjects. 

An authority on machine design, 
Professor Hall was a member of the 
machine design committee of the Ma- 
chine Shop 


Company, primarily in 


Practice Division of the 








\merican Society of Mechanical Engi- 
neers and was also a member of the 
Council of that society. He was a 
former president of the Providence 
Engineering Society, a member of th 
Society for the Promotion of Engi 
neering Education and chairman 
its New England Division. 





useful to both science and industry. 

Appointments as research associate 
are open to graduates of any accre- 
dited university or college, but prefer- 
ence will be shown to men who have 
demonstrated a marked aptitude for 
scientific research in their industrial 
experience or through one or more 
year’s graduate study. The appoint- 
ment will carry an annual salary of 
from $1200 to $1800 depending on the 
training and experience of the indi- 
vidual. For the year 1936-1937, four 
appointments as Battelle research 
associate will be made. Applications 
for appointment may be obtained from 
the director, Battelle Memorial Insti- 
tute, Columbus, Ohio. 





Do You Know That— 


® Strips of two thermocouple alloys, 
copper-nickel and — chromium-nickel 
have been welded together and rolled 
to a thickness of six millionths of an 
. > 

inch. (34) 


@ \ press fit member reduces the 
fatigue strength of an axle to less 
than half the strength of a similar 
axle not having a press fitted member, 
but surface-rolling the axle at the 
press fitted section practically restores 


the full strength of the axle. (35) 


(For details, write the editor, giving 
the item number.) 
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MEETINGS 


Society of Automotive Engineers 
Annual meeting. Book Cadillac 
Hotel, Detroit, Mich., Jan. 11-15 
John A. C. Warner, Secretary, 2° 


W. 39th St., New York City. 





American Road Builders Associa- 
tion—Annual meeting. Hotel Roose 
velt, New Orleans, La., Jan. 11-15 
Charles N. Upham, secretary, 952 
National Press Building, Washing 
ton, D.. C. 


American Society of Heating and 
Ventilating Engineers Annual! 
meeting. Hotel Statler, St. loui 
Mo., Jan. 25-27. A. V. Hutchinsor 


secretary, 51 Madison Ave., New 
York City. 

National Motor Boat Show— 
Grand Central Palace, New York 
City, Jan. 8-16 Ira Hand, mat 
ager, 420 Lexington Ave., New 
York, N. x. 


National Crushed Stone Associa 
tion—FExhibits of crushing machi 
ery. Grand Central Palace, Ne 
York City, Jan. 18-20. J. R. Boyd 
manager, 1735-14th St., Washins 
ton, D.C. 


National Association of Dyers 
and Cleaners—Exhibits of cleant 


and dyeing machinery. Nethe 
land, Plaza Hotel, in Cincinnat 
Ohio, Jan. 25-28. J. M. Matso 


manager, Silver Springs, Md. 


First National Aviation Show 
Grand Central Palace, New Yor 


City, Jan. 28-Feb. 6. G. A. Pi 
sons, manager, 154 Randolph Av 
Waterbury, Conn. 











New MaAtTERIALS AND PArTS 











Special Com pact Motors 


Operate from 


short time operation at low input cu 
rent. Flange mountings fit 
draulic pump for 


the hy 
operating wing flaps 
and raising the landing gear on planes. 
Designed to 


occupy minimum spac 
and built of special materials to vive 
light weight. Commutator has a 
large number of segments. Brushes 
are made of wear-resistant composi- 
tion. Terminals can be mounted 


radially and exposed or axially and 
shutters. 
Stamford, 


removable 


Specialty i0:, 


protected with 
Electric 


(Conn. 





Fire-resistant Fabric 


The treated fabric and the finish 


are said not to ignite when exposed 


directly to fire. Used for welding 
curtains, machinery covers, awnings, 
and in bus and trailer construction. 


The finish waterproofs the fabric and 
makes it mildew-resistant. Available 
in a finished cotton duck fabric known 
as “Fire Chiet”’ 
finish 


, and also as a separate 
known as “Hooperwood Fire 
Chief Compound” which can be applied 
by painting or spraying to any type 
of cotton duck. William E. Hooper 
& Sons Philadelphia, Pa., and 
Baltimore, Md. 


Bucket Chain 


of heat-treated austenitic man 
for strength, toughness 
ind wear resistance. Used for bucket 
lraglines. It is stated that the chain 


Co., 


Made 


ranese steel 


as full line instead of point bearing 
metal on 
abrasive 


additional 
where 


links, 
links 


etween 


ides of wear 





storage battery ior 











comes, and that it is considerably 


lighter in weight than comparable cast 
chains. Links have a tie 
vent snarling and kinking. 
Manganese Steel C 


Il. 


bar to pre 
\merican 


Capacity-Operated Relay 
Sensitivity 1s 


‘ controlled by a 
on the 


side of the 
the antenna is connected to an in 
sulated terminal at the top of the cas 


knob 


case. In operation 


The control relay is of the single pole 
double-throw type with silver-alloy 
contacts of 100 watts capacity for 110 
volt 


a.c.-d.c. service. Unit is con 
tained in a crackle-tinished 44 x 43 x 
34 in. metal case. Electronic Labora 
torv, 306 S. Edinburgh Ave., Los 


Angeles, Calif. 








Fuse Chip Clamp 


Applies pressure to the 
by forcing a steel clamping ring ovet 


clip blades 


the outside of the grip jaws. Opens 
and closes by turning a knurled knob 
and nut unit. A safety feature is a 
deep insulating skirt to shield against 
live contacts. It is said that the 
of this clip clamp cuts down resistance, 
also prevents burning and _ pitting ot 
fuses and clips due to poor contact. 
Ideal Commutator Dresser Co., 1446 
Park Ave., Sycamore, Ill. 


use 
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Chicago Heights, 





Portable Drawing 


Machines 


Mechanism is mounted on a light 
weight sturdy board. Clamps hold 
either a single sheet or a pad Phe 
steel arms have an oxidized finish 


Protractor and scales have a flat silvet 
finish with black-filled etched gradua 
tions. 
with scales either fixed or detachable 
and in architectural, 
mechanical 
Cochranton, Pa 


Manutactured in several sizes, 
engineering 


stvles. The Dratto | 


Automatic Timer 


turning a 


Instead of pointe 
operate, the closed when a 
dial is pulled out and turned to set 
interval. \fiter the interval has 
elapsed the dial returns to its normal 
position at zero and opens the switch 
circuit The circuit driving 
mechanism is independent of the clock 
movement. 
pol 


housing. 


circuit 1s 


switch 
Two terminals for single 

the 
made 
a volt-meter in series with the 
timer switch by 
terminal. 


connection are at back oft 


Provision is for con 
necting 
means of an extra 
Housing is 29/16 in. diam. 


at base and 1 21/32 in. deep; it 1s 
2 3/4 in. dia. overall. Walser Auto 
matic Timer Co., 420 Lexington Ave., 
New York, N. Y 
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Temperature Control 
Units 





Consists of a standard proportioning 
valve driven by a_ reversible motor. 
Designed to give positive accuracy and 
uniformity in furnace heating rates. 
The lower limit switch is fixed while 
the upper switch is automatically ad 
justed by a small reverse motor oper- 
ated by the contact on the controlled 
instrument. A temperature variation 
from normal causes an adjustment of 
the valve opening. The adjustment 
is directly proportional to the time re- 
quired for the temperature to retrieve 
normal. The mechanism is mounted 
in a compact dust-proof metal case 
with a glass inclosed indicator which 
shows the extent of valve opening. 
Lindberg Engineering Co., 218 Union 
Park Court, Chicago, Ill. 


Heavy-Duty Roller 


Bearings 

Ss 
Rated capacity ranges from 10,000 
to 500,000 Ib. Suitable for service 
requirements of paper mills, steel mills, 
rubber and oil field equipment. The 
cage is fabricated from special form- 
rolled spacer bar stock riveted to hard- 
ened end rings. The bars keep the 
rolls) permanently aligned. Fatnir 

Bearing Co., New Britain, Conn. 





“Chromeweld 4-6” 
Electrode 


The electrode contains molybdenum 


and provides weld metal possessing 
the necessary high creep strength and 
other qualities essential for welding 


+-6 per cent chromium steels. Used 
in applications requiring resistance to 
crude oil corrosion at high tempera 
tures and pressures. Such welded 
steels can be soft annealed to physical 
properties similar to those of mild 
carbon steel where cold working is 
applied during fabrication. Available 
in three sizes—1/8, 5/32, and 3/16 in., 
and is coated. The Lincoln Electric 
Co., Cleveland, Ohio. 


Midget Switch 


Extremely small in size and operat 
ing from front. For use on oil 
burners and other applications wher« 
small switches are desired. Terminals 
and fuses are accessible, wiring space 
is ample, cover can be sealed, and 
switch can be locked in ‘‘off” position. 
These type D safety switches can be 
obtained in two pole NEC and plug 
fuse types, also two and three pole 
solid neutral. Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 





Resilient Mou nting 


Carries the motor by live rubber 
in shear Designed for fractional 
hp. motors to give quietness and 
freedom from vibration. Despite high 
resilience the mounting is said to be 
unusually stable and that measure 


ments show a bending torque on the 


haft changes the position of the motor 
frame only slightly. Bodine Electric 
Co., 2254 W. Ohio St., Chicago, II. 





Drafting Stand 





For drafting departments and where 
a small dratting machine has a definite 
place. Can be equipped with a ma- 
chine to make drawings up to 20 x 26 
in. Drawing board tilts 90 deg. and 
can be clamped at any angle with a 
devise which operates from the right 
side of the table. Height is adjustabl 
from 33 to 45 in. Star wheels clamp 


the posts securely. The white pine 
board is Za x Si in. The stand is 
built of oak and is cross braced. The 


unit is stained walnut. L. G. Wright, 
Inc., 5207-10 Euclid Ave., Cleveland, 
Ohio. 


A.C. Automatic Starter 





Magnet assembly, stationary and 
moving contacts, and the thermal re 
lays are replaceable units, so arranged 
that the assembly can be taken apart 
completely and reassembled quickl; 
for periodic inspection. Vertical 
closing action and compactness art 
also. features. The magnet - circui 
trip is reset by pressing a button after 
a sustained overload has caused the 
thermal relays to operate. Double 
break contacts are made of silvet 
Arranged for auxiliary contacts f 
electrical interlocking or signal oper: 
tion. Are chambers are of molde 
insulation with built-in are suppr: 
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sors. Magnet core and armature are 
Parkerized. The starter is of the 
line-voltage type. It can be used to 
start polyphase squirrel-cage motors 
directly across the line at full voltage. 
Units are available for polyphase 


motors from 73 hp. at 110 volts to 25 


hp. at 440, 550 and 600 volts, and for 
single-phase motors from 3 hp. at 110 
volts to 74 hp. at 220 volts. Square 


D Co., Milwaukee, Wis. 


Riveted-Frame Motors 





Of new co-ordinated design which 
permits adapting the standard line to 
special requirements. The line is 
interchangeable for different types of 
power supply and for various applica- 
tions requiring open, sleeve- or ball- 
bearing, inclosed, splash proof and 
vertical motors. Stator-coil winding 
connections are fused instead of 
soldered. New insulating materials 
and processes eliminate taping end 
windings. The insulation assembly is 
said to offer high resistance to mois- 
ture, mild acids, alkalis, oil, and 
abrasives. Frame sizes from 1 to 15 
hp. at 1800 rpm. are 
General Electric Co., 


Ne 2 


D. C. Motor Starter 


EKmploys new type mercury accel- 
ration relays having an adjustable 
time range of 3 


lime range is controlled by means ol 


available. 
Schenectady, 


to Z sec. per step. 


humb  serew arrangement which 
hanges the amount of mercury 
through which a rubber disk must 
perate. A 3-coil resistor mounted on 


top of the cabinet has a ventilated 
ver. By reconnecting the self-con- 
ined resistors these starters can be 
ed with any motor from 5 to 25 





at 230 volts, and are also suitable 
115 and 550 volt motors within the 
a -pere rating of the contactor. Elec- 
Controller & Mfg. Co., 2700 E. 


] 


7h St., Cleveland, Ohio. 


MANUFACTURERS’ PUBLICATIONS 











Copper Oxide Rectifiers—\\ esting- 
house Electric & Mig. Co., East 
Pittsburgh, Pa. Booklet B-270, 12 
pages, 84xll in. Tells what the rec- 
tifier is, where it can be used, some 
of the advantages, how to select the 
right size and type, with applications 
and circuit dimensions data. 


Duraloy—The Duraloy Co., Pitts- 
burgh, Pa. Bulletin, 8 pages, 84x11 in. 
Describes chrome-iron, chrome-nickel, 
and nickel-chrome alloys with recom- 
mendations for use. Pictures show 
temperature-resisting and  corrosion- 
resisting applications. Table is in- 
cluded giving the characteristics of 
various Duraloys. 


Electrical Instruments and Parts 
General Radio Co., Cambridge, Mass. 
Catalog J, 172 pages, 67x10 in. Gen- 
eral parts catalog including industrial 
devices such as_ stroboscopes, color 
comparators, sound level meters and 
small transformers. Sections are in- 
cluded which illustrate and describe 
resistors, condensers, inductors, fre- 
quency- and time-measuring devices, 
amplifiers and cameras. Also con 
tains graphs and tables of engineering 
data. 


Electrical Switches—Colts’ Patent 
Fire Arms Mfg. Co., Hartford, Conn 
Catalog No. 59, 127 pages, 8}x104 in. 
100th anniversary catalog number 
containing information on their lines 
of types A, B, and C safety switches: 
weatherproof and _ dust-tight safety 
switches; industrial control equipment 
of various types; and combination 
motor starting and safety switch units 
Also describes meter service and en- 
trance switches, fuses, and _ fuse 
accessories. 

Production In- 
South Wabash 


Electric Counters 
strument Co., 1325 
Ave., Chicago, II. Julletin 16, 4 
pages, 84x11 in. Illustrates and de 
scribes construction, current consump 
tion, accuracy, and 
electric counters. 


applications of 


Fractional-Horsenower Squirrel Cage 
Motors—General Electric Co.. Sche 
nectady, N. Y. Bulletin GEA-1974, 
4 pages, 83x10 in. Describes con 
struction details and features of type 
K induction motors. 


Manual 
(;eneral 


Motor-Starting Switches 
Electric Co., Schenectady, 
N. Y. Folder GEA-1522C, 4 pages, 
8x10% in. Describes CR 1062 starting 
switches covering construction, opera- 
tion and installation, also type CR 
1062-E3D switch for hazardous gas 
conditions. 


Metalgrams—Apex Smelting Co., 
554 Fillmore St., Chicago, Ill. Data 
sheet Nos. 13, 14, and AS, each 4 
pages, 84xll in. First has graphs 
howing impact strength of No. 5 zinc 
base die cast allovs at different pres 
sures, second shows dimensional 
change of a 6 in. test bar, and third is 
a summary of tests. 


Ratiomotors—Boston Gear Works, 
Inc., North Quincy, Mass. Catalog 
Form No. 3-36, 32 pages, 38x6 in 
Specifications of motorized speed re 
ducers with illustrations of standard 
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types, and tables of horsepower output 
at various r.p.m. Motors ranging in 
hp. from 1/20 to 3 hp. at 1800 r.p.m 
are listed. 


Revecon Construction System 
Revere Copper and Brass, Inc., 230 
Park Ave., New York, N. 7; Loose 
leaf bulletins serial Nos. A5.1 to A5.6 
inclusive, 9x12 in. Design data and 
construction sheets describing a sys 
tem of using extruded aluminum sec- 
tions to support surfaces of rigid sheet 
finishing material. Deal with methods 
of fastening sheets, principles of as- 
sembly, how to design and_ specify, 
schedule of sections, and various 
types of capped joints 


Seamless Steel Products 
Steel Equipment 


New York, N. Y. 


Seamless 
Corp., 39 Broadway, 
Catalog K, 28 pages, 
84x11 in. Contains information and 
illustrations regarding manufacturing 
processes used in making high pressure 
seamless steel vessels of special design. 
Tables are listed of standard sizes of 
seamless steel containers, square and 
rectangular tubes. 


Shim Seals, Oil and Fluid Seals— 
National Motor Bearing Co., Inc., 100 
Seventy-Eighth Ave., Oakland, Calif. 
Catalogs 39 and 40, 84x11 in. Con- 
tain information covering laminated 
leaf assembly shims showing construc- 
tion, types, and stock sizes. Illustrated 
with standard designs of peripheral- 
tension closure seals, in metal cases, 
for excluding extraneous material and 
for holding oils and greases in bear- 


ings. 


Simplex Machine Units—Ahlberg 
Bearing Co., 317 East 29th St., Chi- 
cago, Ill. Catalog and supplement, 
8 pages, 84x11 in. Consists of line 
cuts and dimensional data covering 
open-capped and_ closed-end capped 
types of ball bearing assembly units 


Spectrometric Equipment—Bausch 
& Lomb Optical Co., Rochester, N. Y. 
Booklet, 32 pages, 6} x 9} in. Out- 
lines basic theory and design of spec 
trometers. Describes the construction 
ind important features of apparatus 
for spectrometry and = spectrography 
with data and formulas. The booklet 
contains many illustrations and cuts of 
interest to the staffs of research lab- 
oratories. 


Speed Reducers—Abart Gear & Ma 
chine Co., 4834 West 16th St., Chicago, 
Ill. Bulletin 1200, 8 pages, 84x11 in 
Contains engineering data in table 
form giving hp. rating at input r.p.m 
of straight-line drive spur-gear speed 
reducers. Cuts show sectional views 
with overall dimensions of seven types 
in ratios up to 20 to 1 and 0.13 to 415 
hp. rating. 


Thermometers and Hygrometers 
Consolidated Ashcroft Hancock Co., 
\merican Schaeffer & Budenberg Div.., 
Bridgeport, Conn Bulletin W, 4 
pages, 8x10% in. Shows tin and copper 
case thermometers, dip thermometers, 
and small pocket test thermometers 
\lso describes and illustrates insulated 
and uninsulated types of hygrometers. 
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BOOKS AND BULLETINS 








Photo-Elasticity for 
Engineers 

L. N. G. Filon. 140 pages. 43x73 
in. 27 linecut illustrations. Blue cloth- 
board covers. Published by Cambridge 
University Press, London, and The 
Macmillan Co., New York, N. Y. 
Price $1.50. 

This manual aims to give the prac- 
tical investigator a brief statement of 
facts to enable him to set up his ap- 
paratus and to use photo-elastic 
methods in order to explore stress dis- 
tributions. The book is intended for 
engineers, only enough of the physical 
theory is dealt with to help the reader 
understand the phenomena and _ to 
guard against sources of error. Con- 
tents cover fundamental principles of 
physical optics, properties of polarized 
light, crystalline plates, theory of 
stress and strain in plates and frame- 
works, 
optical 


p! lariscopes, 
exploration of 


compensators, 
non-uniform 
stress, stress equations, choice of ma- 
terial and construction of the model, 
creep and characteristics of materials, 
the optical system and _ polarization. 
Discussions of engineering problems 
to which photoelastic methods have 
been and can be applied, have been 
omitted, as have been complicated 
mathematical proofs, since these have 
been fully developed and covered in 
the author’s and Professor E. G. 
Coker’s much larger volume entitled 
“Treatise on Photo-Elasticity.” The 
publication is a very desirable short 
manual for workers in this field. 


Control of Electric 
Motors 


Paisley B. Harwood. 390 pages, 
6x9 in, 188 illustrations and many 
tables. Brown fabricoid board covers. 
Published by John Wiley & Sons, 
Inc., 440 Fourth Ave., New York, 
N.Y. Price $4.50. 

The author describes the features 
of motors of all types and explains 
how their characteristics are used for 
control purposes. The descriptions of 
apparatus cover fully the design, con- 
struction, and functions of the ele- 
ments making up the devices. Both 
direct-current and alternating-current 
motors are discussed and classified by 
types, as are the appropriate con- 
trollers used with each style. Pilot 
devices and accessory switches of 
Brakes and 
methods of mounting them are treated 
briefly. 


various kinds are covered. 


A chapter on wiring diagrams 
with a list of definitions and graphical 
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symbols with pertinent notes and ex- 
amples is included. Resistors and re 
sistor design are dealt with in full, 
as is the subject of the construction of 
control apparatus. 

The book concludes with a splendid 
chapter on electronic devices. Here 
types of commercial tubes, essential 
elements, rectifiers, motor and_ field 
current electronic controls and relays 
are treated in great detail as a sub- 
ject distinct from other forms of con- 
trol. The entire book appropriately 
illustrates the subject matter. This 
volume can be of much benefit to all 
engineers and designers whose field 
of work includes the use of electrical 
motors for operating and driving ma- 
chinery. 


Steel Physical Properties 
Atlas 


Charles Newman Dawe. 87 pages, 
83x11 in. 35 full page charts in color. 
Blue fabricoid board covers. Published 
by American Society for Metals, 7016 
Euclid Ave., Cleveland, Ohio. 


$2.50. 


Price 


An authoritative reference book on 
the physical properties of much-used 
steels, steel alloys and_ steel castings. 
Charts in three colors show the physi- 
cals of the material as affected by heat- 
treatment and by the tempering-treat- 
ment. Opposite each chart is a table 
with notes giving the chemical com- 
position and the specifications of heat- 
and temper-treatment. The notes give 
factors to use for estimating the 
physical properties that vary with the 
section and size. The book concludes 
with a page of statements relative to 
steel physical properties. It is a con- 
cise compilation of steel data presented 
in most usable form, planned to save 
time for the engineer and metallurgist 
and to serve as a sound basis for 
design. 


Drilling and Surfacing 
Practice 

Fred H. Colvin and Frank A. Stan- 
ley. 431 pages, 6x9 in. Blue cloth- 
board covers. 343. illustrations, 45 
tables. Published by McGraw-Hill 
Book Co., Inc., 330 West 42d St., New 
York, N. Y. Price $4. 


This book will be of special interest 


to engineers engaged in the design of 


machines for drilling, reaming, tap 
ping, planing, shaping, slotting, mill- 
ing and broaching operations, and 
those whose duties include tool jig and 
fixture design. The book is divided 
into six sections covering the above 


subjects. 


Not only are various new 
machines described, but in a number 
of instances they are illustrated with 
cross section drawings showing the 
operating mechanism. 

Many of the high speed cutting ma- 
terials are described with  photo- 
graphs and line drawings illustrating 
the design of tools. Automatic opera- 
tion of various machines is discussed 
and fixtures shown and described for 
high production work. In addition to 
the chapters dealing with the design 
of the machines, the last section, of 
the book gives a resume of internal 
and surface or 
This includes 


broaching. 

information 
about broaches and commercial broach- 
ing methods. 


external 


general 


Design of Metal Parts for Porcelain 
Enameling 


Technical Research Section of Educa- 
tional Bureau, Porcelain’ Enamel Insti- 
tute, Inc., 612 N. Michigan Ave., Chi- 
cago, Ill. 16 pages, 83x11 in. Price 
10 cents. 

The purpose of this handbook is t 
give authentic, practical information as 
to the basic requirements for the proper 
designing of pressed steel shapes to be 
porcelain enameled, and as a guide t 
those interested in producing serviceable 
products. 

Subject matter deals with the selec- 
tion of the proper gauge of metal, im- 
portance of correct fabrication and de 
sign, strengthening effect of offsets, 
flanges and embosses, working of steel, 
attachment devices and holes, and brush 
ing as aid to design. Some assembly 
limits are suggested. In conclusion a 
summary of points to be kept in mind 
are emphasized for satisfactory design 
To illustrate the text 28 line drawings 
are shown. 


Nichrome Data Book 


Driver-Harris Co., Harrison, N. J. 
Booklet R-36, 68 pages, 5x8 in. Paper 
cover. 

Issue is dedicated to the memory of 
George Simon Ohm = (1787-1854) one 
of the pioneers of the Electrical Indus- 
try. It has been compiled to assist those 
who use alloys for industrial purposes 
It covers the properties and character 
istics of a number of alloys for 
electrical, mechanical and chemical ap 
plications, by describing uses, charting 
characteristics, and listing in table form 
much physical and current-temperatur: 
data. Illustrated with pictures showin: 
plant and equipment used in making 
company’s products. 


Resins: Powders, Solutions, Colloids 


General Plastics, Inc., North Tona 
wanda, N. Y. Bulletin, 12 page 
83x11 in. Paper cover. 

The publication enumerates the 
dustrial uses and _ applications 
“Durez Resins.” It contains for tl 
first time information in regards 
many of the resins in this grou 
Descriptions with illustrations co\ 
thermosetting resins, impregnati 
solutions, coating solutions, wat 
soluble resins, resin adhesives, res 
emulsions and colloids, flexible resi 
and impregnated paper and tabrics 
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Gas K olumes Based on 
Bo yle s and Charles’ Gas Laws 


TOM W. BRINKLEY 
Tulsa, Oklahoma 


Boyles’ Law: The volume occupied by the 
same sample of any gas at constant tempera- 


ture is inversely proportional to the pressure, 

VB v= ne 
where V, and P, are the first volume and 
V and P any other volume and pressure. 


Charles Law: If the pressure is kept con- 
stant, the volume of a gas varies directly as 
the absolute temperature, 

oN vent 
where V, and T, are the first volume and 
absolute temperature and V and T the other 
volume and other absolute temperature. 

The chart on the next page is designed 
primarily for determining the volume of a 
gas at standard conditions, 760 mm. pressure 
and 273 deg. C. absolute temperature accord- 
ing to the formula: 

273 P, 

T, 760 

However, the chart can be used for finding 
the volume at any temperature and pressure. 
Boyle’s and Charles’ laws are exactly true 
only for the non-existant “ideal” gas. But 
the usual simple gases such as air, hydrogen, 
oxygen and others follow the law so closely 
that ordinary measuring instruments cannot 
detect the deviations. 

The two outer scales of the chart repre- 
sent the volume of the gas, while the middle 
scale corresponds to the change of conditions 
of temperature and pressure. The two scales 
on either side of the middle scale are merely 
conversion scales corresponding to the 
middle scale. 


V= V; 


Example: The volume of a quantity of a 
gas at 10 deg. C. and 750 mm. pressure is 300 
c.c. Find the volume at standard conditions. 
From 300 on the outer right-hand scale con- 
nect to 283 on the middle temperature scale 
corresponding to 10 deg. C. on conversion 
scale. The volume corrected for temperature 








will be observed on the outer left-hand scale. 
From this corrected volume connect to 750 
on the middle pressure scale and read on the 
outer right-hand scale the volume corrected 
for temperature and pressure. The volume 
at standard conditions will be a function of 
the observed volume; that is the observed 
volume multiplied by a temperature factor 
and a pressure factor. Since the temperature 
has decreased, the volume will decrease be- 
cause of the temperature change and the 
temperature factor is less than 1 or 273 283. 
Since the pressure is increased, the volume 
will decrease because of the pressure change 
and the pressure factor is less than 1 or 
750/760. The volume at standard conditions 
will be, 
Vv = 300 > 273 750 985.7 c.¢. 
283 760 

Example: A quantity of gas, which occu- 
pies 700 c.c. at 10 deg. C. is heated to 80 deg. 
C., the pressure remaining constant, what is 
the volume of the gas at the new tempera- 
ture? From 700 on the outer right hand 
scale connect to 283 on the middle scale, cor- 
responding to 10 deg. C. on conversion scale, 
to get the volume at standard temperature. 
From this volume connect to 343 on the 
middle temperature scale and read the new 
volume on the outer right scale. 
343 
283 


= 


V = 700 848.4 cc. 

Example: A quantity of gas, which occu- 
pies 210 c.c. at 720 mm. pressure is compressed 
to 140 c.c. What is the pressure of the gas 
at new volume? From 210 on the outer left- 
hand scale connect to 720 on the middle 
pressure scale to get the volume at standard 
pressure on the outer right-hand scale. From 
this volume connect to 140 on the outer left- 
hand scale and read the new pressure on the 
middle pressure scale. 


1080 mn. 
140 
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Chart for Calculating Gas Volumes 


Based on Boyle’s and Charles’ Gas Law 
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TOM W. BRINKLEY 
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L h of M ‘al r 
ength of Material for 90-Deg. Forms—Il 
J. K. OLSEN 
Formerly Chief Draftsman, Stewart Warner Company 
om DEVELOPED LENGTH IN INCHES 
Thick- ; “ 
pear Inside Radius of Form in Inches 
Material 
ininches 5 32R| 3 16R| 732R| | 4R] 5 16R| 3. 8R 7 16R| 1 2R 5 8R 3 4R 7 8R IR | t-1/4R] 1-1/72R 
004 249 298 347 396 494 592 690 789 985} 1.181] 1.376] 1.574] 1.967] 2.359 
005 249 299 348 397 495 593 69! 789 986} 1.182] 1.378] 1.575] 1.967] 2.360 
007 251 300 349 398 496 595] 693] 791] 987] 1.184] 1 380] 1.576] 1.999] 2.362] 
008 252 301 350 399 497 595 694 .792 988 1.184 1.381 1.577 1.970 2.362 
O10 253 302 351 401 499 597 695 793 990 1.186 1. 382 1.579 1.971 2.364 
O12 255 304 353 402 500 599 697 795 991 1. 188 |. 384 |. 580 1.973 2.366 
O14 256 306 355 404 502 600 698 796 993; 1.189] 13857 1.582] 1.974] 2.367 
0156 258 307 356 405 503 601 699 798 994 1.190 1. 387 1. 583 1.976 2.368 
016 258 | 307 | 356 | 405 503 602| 700| 798 994] 1.191] 1.387] 1.583] 1.976] 2.369 
O18 260 309 358 407 505 603 701 800 996 1.192 1. 389 1.585 1.978 2.370 
020 261 310 359 408 507 605 703 801 998 1.194 1. 390 |. 587 1.979 2.372 
022 263 312 361 410 508 606 705 803 999} 1.195] 14.392] 1.588| 1.981 | 2.3 
025 265 314 363 412 31 609 707 805]  1.001| 1.198 1.394] 1.590] 1.983 2.376 
028 267 317 366 415 513 61 709 807} 1.004] 14.200] 1.396] 1.593] 1.985 | 2.378 
0312 270 319 368 417 515 614 712 810| 1.006] 1.203] 1.399] 1.595] 1.988 | 2.381 
032 271 320 369 418 516 614 712 811 1.007 1. 203 1.400 1.596 1.989 2.381 
035 273 322 371 420 518 617 715 813 1.009 1. 206 1.402 1.598 1.991 2.384 
0375 275 324 | 373 | 422 520| 619 717 81s] 1.011 | 1.208] 1.404] 1.600| 1.993 | 2.386 
040 277 326 375 424 522 621 719 817 1.013 1.210 1. 406 1.602 1.995 2.388 
042 278 328 377 426 524 622 720 818 1.015 1.201 1.407 1.604 1.996 2.389 
0437 280 329 378 427 525 623 722 820 1.016 1.212 1.409 1.605 1.998 2.391 
045 281 330 379 428 526 624 723 821 1.017 1.213 1.410 1.606 1.999 2.392 
049 284 333 382 431 529 628 726 824 1.020 207 1.413 1.609 2.002 2.395 
0508 285 334 383 433 531 629 727 825 1.022 1.218 1.414 1.611 2.003 2.396 
057 290 339 388 438 536 634 732 830 1.027 1.223 1.419 1.616 | 2.008 2.401 
058 291 340 389 438 536 635 733 831 1.027 1.224 1.420 1.616} 2.009 2.402 
0625 294 344 393 442 540 638 736 834 1.031 1.227 1.423 1.620 | 2.013 2.405 
064 296 345 394 443 541 639 738 836 1.032 1.228 1.425 1.621 2.014 2.406 
065 296 346 395 444 542 640 738 837 1.033 ‘Zee 1. 426 1.622 2.015 2.407 
072 302 351 400 449 547 646 744 842 1.038 1.235 1.431 1.627 | 2.020 2.413 
078 . 306 356 | 405 | 454 552 650 749 847 1.043 1.239 1.436 1.632 2.025 2.417 
0808 307 358 407 456 554 653 751 849 1.045 1.242 1.438 1.634 | 2.027 2.420 
083 -. 308 360 409 458 556 654 752 851 1.047 1.243 1.440 1.636 ; 2.029 2.421 
0907 312 - 366 415 464 562 660 758 857 1.053 2.249 |. 446 1.642 | 2.035 2.427 
0937 313 368 417 466 564 . 663 .761 859 1.055 1.232 1.448 1.644 | 2.037 2. 430 
095 314 369 418 467 566 664 . 762 860 1.056 1.253 1.449 1.645 2.038 2.431 
1018 316 370 424 473 571 . 669 767 865 1.062 1.258 1.454 1.651 2.043 2.436 
109 319 371 429 478 577 675 773 871 1.067 1.264 1.461 1.656 | 2.049 2.442 
120 322 371 43 487 585 683 782 880 1.076 1.272 1. 469 |. 665 2.058 2.450 
125 324 | 373 434 43! 589 | 687 | _.785 | _—s B84] =| O80 | ~—t.276) 1.473) 1.669] 2.062 | 2 454) 
. 1406 328 378 439 495 601 700 798 896 1.092 1. 289 1. 485 1.681 2.074 2.467 
1562 332 384 444 500 614 712 810 908 1. 104 1.301 1.497 |. 693 2.086 2.479 
1718 335 | 389 449 505 619 724 822 920 1.417 1.313 1.509 1.706 | 2.098 2.491 
1875 344 394 454 510 624 736 834 933 1.129 1.325 1.522 1.718) 2.001 2.503 
203 352 401 459 515 627 741 847 945 1.141 1. 338 1.338 1.730} 2.123 2.516 
2187 360 409 463 519 633| 746 859] 957] 1.153] 1.350] 1.546] 1.742] 2.135 | 3.528 
234 368 417 466 524 638 751 864 .969 1. 166 1. 362 1.558 1.755 2.147 2.540 
250 376 425 474 529 643 756 869 982 1.178 1.374 1.571 1.767 | 2.160 2.553 
281 393 442 491 540 f 652 766 879 992 1.202 1.399 1.595 1.792} 2.184 2.577 
3125 409 458 507 556 662 776 | 889 1.002 1.227 1. 423 1.620 1.816 2.209 2.602 
3437 425 474 523 573 671 786 899 1.012 1.236 1.448 1.644 |. 841 2.233 2.626 
375 442 491 540 589 687 797 909 1.022 1.247 |. 473 |. 669 1.865} 2.258 2.651 
4375 474 524 573 622 720 818 928 |. 043 | 266 14 1.718 1.914] 2.307 2.700 
500 507 556 605 654 753 851 949 |_ 061 1. 285 1.501 ,.7ae 1.964 2.356 2.749 
5625 J 540 | 589 | 638 | 687] 785| 884] 982 [080 1.304] 1.529] 1.755] 1.982] 2.405 | 2 798 | 
625 573 622 671 720 818 916 1.014 |. 12 | 323 1.548 1.774 2.001 2.454 2.847 
6875 605 654 703 753 858 949 1.047 1.145 1.342 |. 566 1.793 2.019 2.4 2.896 
7500 | 638| 687 | 736 | 785] 884| 982] 1.080| 1.178] 1 3748 4.585] 1.812] 2.038| 2.491 | 2.945 
8125 671 720 769 B18 916] tora] ris] tu 1.407] 1.6037 1.831] 2056] 2510] 29 
875 703 753 802 851 949 |. 047 1 145 | 243 1 440 | 636 1.850| 2.075 2.529 2.983 
9375 736 785 834 884 982| 1.080| 1 178| 1.276] 1.473| 1.6697 1.8659 2.094] 2.547 | 3.002 
1 000 769 B18 867 916| 1014} 1 tts} ot 2t 1.309} 1505 | 1.702] 1 8989 2 112 | 2 566 | 3.021 
PRODUCT ENGINEERING © REFERENCE BOOK SHEET 
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Length of Material for 90-Deg. Forms—ITII 
J. K. OLSEN 
Formerly Chief Draftsman, Stewart Warner Company 
Thick- DEVELOPED LENGTH IN INCHES 
ness of Inside Radius of Form in Inches 
Material 
in inchesll-3/4R}| 2R | 2-1/4R| 2-1/2R] 2-3/4R 3R 31-4/R] 3-1/2R] 3-3/4R 4R 4-1,2R 5R 5-1/2R 6R 
004 2.752 | 3.145] 3.537 3.930 | 4.323 4.716 5.108 | 5.501 5.894 | 6.286| 7.072 7.857| 8.643] 9.428 
005 2.753 | 3.146] 3.538 3.931 4.324| 4.716 5.109 | 5.502 5 894] 6.287 7.073 7.858| 8.643] 9.429 
007 2.754] 3.147] 3.540 3.932 | 4.325 4.718 5.111 5.503 5.896 | 6.289] 7.074 7.859| 8.645] 9.430 
008 2.755 | 3.148] 3.541 3.933 4.326 4.719 5.111 5.504 5.897 6.289 7.075 7. 860 8.646 9.431 
O10 «(2.757 | 3.149] 3.542 3.935 4.328| 4.720 5.113 5.506 5.898 | 6.291 7.076 7.862} 8.648] 9.433 
O12 2.758 | 3.151] 3.544 3.936 | 4.329] 4.722 5.115 5.507 | 5.900] 6.293] 7.078| 7.863! 8.649] 9.434] 
O14 2.760 | 3.153] 3.545 3.938 | 4.331 4.723 5.116 | 5.509 5.901 6.294 7.080 7.865| 8.650] 9.436 
0156 92.761 | 3.154] 3.547 3.939 | 4.332] 4.725 5.117 5.510 5.903 | 6.295 7.081 7.866} 8.652] 9.437 
O16 «2.761 | 3.154] 3.547 3.940 | 4.332 4.725 5.118 5.510 5.903 | 6.296| 7.081 | 7.867| 8.652| 9.437] 
018 2.763 | 3.156! 3.548 3.941 4.334| 4.727 5.119] 5.512 5.905 | 6.297 7.083 7.868| 8.654| 9.439 
020 92.765 | 3.157] 3.550 3.943 4.335 4.728} 5.121 5.514 5.906 | 6.299 7.084 7.870} 8.655| 9.441 
022 2.766 | 3.159] 3.552 3.944 | 4.337 4.730 5.122 5.515 5.908 | 6.300 7.086 | 7.871| 8.657| 9.442 
025 2.769| 3.161| 3.554] 3.947] 4.339] 4.732 5.125 5.517 5.910] 6.303 7.088| 7.874] 8.659| 9.444 
028 92.771 | 3.164] 3.556] 3.949| 4.342] 4.734 5.127 5.520| 5.912] 6.305 7.091 7.876] 8.661 9.447 
0312 92.773 | 3.166] 3.559 3.952 | 4.344| 4.737 5.130 | 5.522 5.915 | 6.308] 7.093 7.879| 8.664) 9.449 
032 92.774 | 3.167] 3.559] 3.952] 4.345] 4.738/ 5.130] 5.523 5.916] 6.308| 7.094| 7.879] 8.665| 9.450 
035 2.776 | 3.169] 3.562 3.954 | 4.347] 4.740] 5.133 5.525 5.918} 6.311 7.096| 7.881 8.667| 9.452 
0375 92.779 | 3.171] 3.564 3.957 | 4.350| 4.742 5.135 5.527 5.920] 6.313 7.098| 7.883| 8.669] 9.454 
040 92.780 | 3.173| 3.566| 3.958] 4.351 4.744] 5.137 5.529 5.922] 6.315 7.100| 7.885| 8.671 9. 456 
042 92.782 | 3.175| 3.567 3.960 | 4.353| 4.745 5.138 5.531 5.923 | 6.316] 7.102 7.887| 8.672| 9.458 
0437 92.783 | 3.176] 3.569 3.961 4.354| 4.747 5.139 5.532 5.924 | 6.318| 7.103 7.888| 8.674| 9.459 
045 2.784 | 3.177] 3.570] 3.962 | 4.355] 4.748 5.140] 5.533 5.926] 6.319| 7.104] 7.889] 8.675| 9.460 
049 912.787 | 3.180] 3.573 3.965 | 4.358| 4.751 5.144 5.536| 5.929] 6.322] 7.107 7.892} 8 678| 9.463 
0508 92.789 | 3.181] 3.574 3.967 | 4.360] 4.752 5.145 5.538 5.930 | 6.323 7.109 | 7.894] 8.679| 9.465 
057 2.794 | 3.186] 3.579] 3.972 | 4.365] 4.757 5.150] 5.543 5.935 | 6.328 7.113 7.899| 8.684] 9.470 
058 92.794 | 3.187] 3.580] 3.973 | 4.365| 4.758 5.151 5.543 5.936 | 6.329 7.114 7.900; 8.685| 9.470 
0625 92.798 | 3.191 | 3.583 3.977 | 4.369] 4.761 5.154 5.547 5.940 | 6.332 7.118 7.903| 8.688] 9.474 
064 92.799 | 3.192] 3.585 3.977 | 4.370] 4.763 5.155 5.548 5.941 6.333 7.119 7.904] 8.690| 9.475 
065 2.800 | 3.193] 3.585 3.978 | 4.371 4.763 5.156] 5.549] 5.942] 6.334] 7.120] 7.905] 8.690} 9.476 
072 [2.805 | 3.198] 3.591 3.984 | 4.376| 4.769 5.162 5.554] 5.947] 6.340] 7.125 7.911 8.696] 9.481 
078 2.810 | 3.203| 3.596] 3.988 | 4.381 4.774 5.166| 5.559] 5.952| 6.344 7.130 | 7.915] 8.701 9. 486 
0808 92.812 | 3.205| 3.598 3.990 | 4.383] 4.776] 5.169] 5.561 5.954 | 6.347 7.132 7.917] 8.703| 9.488 
083 2.814 | 3.207] 3.599 3.992 4.385 4.778 5.170 5.563 5.956 6.348 7.134 7.919 8.705 9.490 
0907 §2.820 | 3.213] 3.605 3.998 | 4.391 4.784 5.176| 5.569] 5.962| 6.354 7.140| 7.925] 8.711 9.496 | 
0937 2.822 | 3.215| 3.608 4.001 4.393 4.786| 5.179] 5.571 5.964 | 6.357 7.142 7.928| 8.713| 9.498 
095 2.824] 3.216] 3.609] 4.002] 4.394| 4.787 5.180] 5.572] 5.965] 6.358] 7.143 7.929] 8.714] 9.499 
1018 §2.829 | 3.222] 3.614| 4.007 | 4.400] 4.792 5.185 5.578 | 5.971 6.363 7.149 | 7.934] 8.719] 9.505) 
109 2.835 | 3.227] 3.620] 4.013 | 4.405] 4.798] 5.191 5.583 | 5.976| 6.369] 7.154| 7.940] 8.725] 9.510 
120 2.843 3.236 3.629 4.021 4.414 4.807 5.199 5.592 5.985 6.377 7.163 7.948 8.734 9.519 ‘ 
125 2.847 | 3.240] 3.632] 4.025 4.418 | 4.811 5.203 5.596 | 5.989 | 6.381 7.167 7.952| 8.738] 9.523 
1406 912.859 | 3.252] 3.645 | 4.037 | 4.430] 4.823 5.216] 5.608] 6.00! 6.394 7.179 7.964] 8.750| 9.535 . 
1562. 92.872 | 3.264] 3.657| 4.050 | 4.442] 4.835 5.228 5.620] 6.013 | 6.406] 7.191 7.977| 8.762] 9.547 
1718 92.884 | 3.277] 3.669| 4 062| 4.455] 4.847 5.240 | 5.633 | 6.025] 6.418 7.204| 7.989] 8.774] 9.560 
1875 92.896 | 3.289| 3.681 4.074 | 4.467] 4.860] 5.252 5.645 | 6.038 | 6.430 7.216| 8.001 8.787] 9.572 . 
203 2.908 | 3.301] 3.694] 4.086] 4.479] 4.872 5.265 5.657 | 6.050] 6.443 7.228| 8.013| 8.799] 9.584 
2187 2.921 | 3.313] 3.706| 4.099] 4.491 4.884 5.277 5.669 | 6.062 | 6.455 7.240] 8.025] 8.811 9.596 I 
234 «72.933 | 3.325] 3.718 | 4.101 4.503| 4.896] 5.289 5.682] 6.074 | 6.467 7.252] 8.038] 8.823] 9.609 t 
250 2.945 | 3.338] 3.731 4.123] 4.516| 4.909] 5.301 5.694 | 6.087] 6.480 7.265| 8.050] 8.836| 9.621 
281 2.970 | 3.362] 3.755 | 4.148 | 4.540] 4.933 5.326] 5.719] 6.111 6.504 | 7.289 | 8.075| 8.860| 9.646 
3125 12.994 | 3.387] 3.780] 4.172] 4.565| 4.958 5.350] 5.743] 6.136 | 6.529] 7.314] 8.099] 8.885] 9.670 
3437 93.019 | 3.411] 3.804] 4.197 | 4.590] 4.982 5.375 5.768 | 6.160 | 6.553 7.339} 8.124] 8.909] 9.695 ] 
375 3.043 | 3.436] 3.829] 4.222 | 4.614 5.007 5.400 | 5.792] 6.185 | 6.578 7.363 | 8.149} 8.934] 9719 
4375 93.092 | 3.485] 3.878| 4.271 4.663 5.056 5.449 | 5.641 6.234 | 6.627 7.412] 8.198| 8.983] 9.768 
500 3.142 | 3.584] 3.927 4.320 | 4.712 5. 105 5.498 5.891 6.283 | 6.676] 7.461 8.247| 9.032] 9.818 
5625 93.191 | 3.583] 3.976] 4369] 4.761 5.154 5.547 5.940 | 6.332 | 6.725 7.510 | 8.296| 9.081 9.867 
625 3.240 | 3.632] 4.025 4.418 | 4.811 5. 203 5.596 5.989 | 6.381 6.774 7.560 | 8.345| 9.130] 9.916 
6875 93.289 | 3.681] 4.074] 4.467] 4.860] 5.252 5.645 | 6.038 | 6.430 | 6.823 7.609 | 8.394| 9.179] 9.965 
7500 3.338 | 3.731 | 4.123 4.516 | 4.909 5.301 5.694 | 6.087 | 6.480 | 6 872 7.658 | 8.443] 9.228] 10.014 : 
8125 93 387 | 3.780| 4.172 | 4.565 | 4.958 5.350 5.743 | 6.136 | 6.529 | 6.921 7.707 | 8.492] 9.278] 10.063 
875 3436) 3.829/ 4.222] 4.614 5.007 5.400 | 5.792 | 6.185 6578 | 6.970 7.756 | 8.541 9.327 | 10.112 
9375 8 20) D3. 878 4.271 4.663 5.056 5.449 5. 841 6.234 6.627 7.019 7.805 8.590 9.376 | 10.161 
1000 3.474 8 3.927] 4320 | 4.712 5.105 5 498 5.891 6.283 | 6.676 | 7 069 7.854 | 9.639 | 9.425 | 10.210 
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BEFORE—the cast iron ice crusher 


Redesign for 


“Shield-Arc” 


WELDING 
Takes off 440 lbs. 


It couldn’t be done, but here it is! 


Exploring for a more salable product, the manufacturers of 
this ice crusher redesigned for “Shield-Arc” welded construction. 
Here are the results: 


—Weight of old cast iron model, 1040 Ibs.; weight of “Shield- 
Arc” welded steel design, 600 lbs. 


—New design permits simplified maintenance—a further bid 
for sales! 


—Production costs were lowered! 


Manufacturers, determined to increase profits, are fast breaking 


through the frontiers of tradition. And in so many cases, 
“Shield-Arc” blazes the trail! 


In your exploration for the profits of redesign, you will find 


POP: “Who, me? I feel 
rosy—two more pounds off 
the waist-line.” 


LAD: “A trifling obesity 











AFTER— the “Shield-Arc’ welded 


ice crusher (with ice slinger attached). 









@ Photos courtesy of The Link-Belt Compeny, Pacific Division, San Francisco, California. 


valuable guidance in the engineering and welding service 
which Lincoln offers. 


It is the business of this organization to help you make sure 
you are on the right track even before you buy “Shield-Arc” 
equipment. And after you are “Shield-Arc” equipped—to keep 
you going in a bee line, always a step ahead in realizing all of 
the advantages of welding progress. 


Verify the fact that Lincoln can mean more to you than just 
the headquarters for cost-saving welding equipment. Acquaint 
yourself with the Lincoln man nearby and present your 
problems to him. No 
obligation, of course. Or 
just write THE LINCOLN 
ELECTRIC Co., Dept. 
D-205, CLEVELAND, 
OHIO. Largest Manu- 
facturers of Arc Welding 
Equipment in the World. 





* * MAIL THIS COUPON TODAY * x 


THE LINCOLN ELECTRIC COMPANY, Dept. D-205, Cleveland, Ohio 





diet, Pop. We had a waste- 


Gentlemen: Please send me more data about “Shield-Arc’”’ savings. 
line of old welding machines. [ 


We now use (check which) electric arc [] gas (_]_ none [_). 







Changeover to new, high- 


capacity ‘Shield-Arcs’ took  ; irm------ 
off delay, electrodes and 
power. Reduced the weld- 


ing bill 25 cents om every ! Address 


Your Name Title 


dollar. Plenty of men felt 





rosy after that!” i tees ae 


State 






FEBRUARY, 1936 + 








MONEL METAL 


Now Produced with Higher Physical Properties 


Use and Composition 


Resistance to corrosion is combined with strength 


and toughness in Monel Metal, and the excellence with | 


which these properties are combined accounts for the 
widespread and diversified use of this alloy. 
Monel Metal is a nickel-copper alloy made in a mod 
ern mill fully equipped with facilities for controlling 
the quality and uniformity of the metal. The corro 
sion resistance and mechanical properties of the metal 


are inherent. ‘They are not developed by heat treat 
ment. The following chemical analysis is typical 
Nickel 68% Manganese 1.0 % 
Copper 29 Silicon 10% 
Iron 1.6% Carbon -15% 


Corrosion Resistance 


Being a non-ferrous alloy, Monel Metal does not 
rust. [ts corrosion resistant characteristics are par- 
ticularly useful as they show to best advantage against 
the most common corrosives such as salt, dilute sul 
furic acid and strong caustic soda. The metal is useful 
against many other corrosives, including cold dilute 
hydrochloric acid, hydrofluoric acid and many organic 
acids. It is useful against many inorganic ‘salts, in 
cluding alums, zine chloride, and trisodium phosphate 
and against many organic substances such as cresol, 
tannins, and various solvents, including carbon tetra 
chloride. Other alkalies such as potassium hydroxide 
are successfully processed and handled with Monel 
Metal. Asis the case with all other metals, there are 
some corrosives against which Monel Metal is not re- 
sistant. ‘These include nitric acid and similar strongly 
oxidizing solutions 

Over a period of years, much useful information on 
corrosion resistance has been accumulated from actual 
operating experience and from corrosion tests made 
both in the field and in the laboratory. ‘This is avail 
able and can be brought to bear on your specific corro 
sion problems at your request. 

To obtain information on new corrosion problems, 
testing devices have been developed by means of 
which comparative tests may be made in your equip 
ment under the actual conditions of operation, which 
minimizes the danger from misleading results often 
obtained from various forms of accelerated corrosion 


tests. These devices and the assistance of experi 
enced men are available upon request 
Physical Constants 

Density 8.80 or 0.318 Ib. per cu. in 
Melting Point 1350° C. or 2460° F 
Specific Heat (20-400° ©) 0.127 
Coefficient of Expansion (25-100° C) 0.000014 
Thermal Conductivity (¢.g-.s.) 0.06 


Electrical Resistivity 


Microhms per em. cube at 0° C 


Ohms per circular mil-foot at 0° C 256 
Temperature coefficient 0.0019 per °C. or 0.0011 per F 
Elastic Modulus 25 26,000,000 
Torsional Modulus ; 8 9,000,000 


Approximate Relations Between Brinell, 
well 


Rock- 
and Shore Hardness and the Tensile 
Strength of Monel Metal 











Conversions from one scale to another are made at the 
intercepts with th urve ossing the hart. For ex- 
ample, follow the horizontal line representing 200 Brinell 
hardness to its intersection with the conversion curve. 
From this point follow vertically downward for Rockwell 
B values (93), vertically eg for Shore values (36), 
and horizontally to the right jor the tensile strength 
(98,000) 


THE 


N 
N 








INTERNATIONAL NICKEL COMPANY, 


Mechanical Properties 


Monel Metal is stronger and tougher than the com 
mon steels. [ts mechanical properties, given in the 


two charts below, compare favorably with many 
alloy steels. 
Average Properties of Monel Metal 
| Rods and Forgings 
} 
‘ an 
12 


npact (Foot Pounds) 


band Reductior 





u Jo 
r : — 
Yield Point and Tensile Strength Ranges 
of Mill Products | 
- -- Cc ca 


Average Properties of Monel Metal 
Sheet and Strip 
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Approx. Properties of Cold Rolled Sheet and Strip 


Hard 


Hard Full 





High Strength Forgings 


Special high strength forgings are supplied in Monel 


| Metal for applications that require such strengths as 
| were obtained in the forged Monel Metal gate stems 


shown below. 





machin 


Forged and ed Monel Metal gate stems (6” 
dia, x 12'-4” long) furnished for Madden Dam 
Tensile Stre gth 99- 103,000 p.s.i. 
Yield Point 73-78,500 p.s.i. 
Elongation (% in 2”) 30.1—36.0 
Reduction of Area (%) 57.9—65.0 


Endurance and Corrosion Fatigue 


The endurance limit is 37,000 p.s.i. for annealed 
Monel Metal. Cold working the metal raises the en 
durance limit to as much as 53,000 p.s.i. 

The corrosion fatigue tests of McAdam have shown 
that Monel Metal specimens exposed to brackish river 
water withstand 6 x 107 cycles at 1450 R.P.M. 
stressed to 31,000 p.s.i., 
p.s.i. for carbon steel. 


when 
which compares with 8,000 


INC., 





| supplied by Re and Harmon, 
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Availability and Fabrication 


Monel Metal is available in all the usual mill forms 
and as bolts, nails, screws, cotter pins and many other 
accessories. The metal can be fabricated readily and 
joine <d by the usual methods. Printed instructions on 
various fabrication operations are available on re 
quest. These are supplemented by a welding and 
fabricating service available to fabricators and users 
of Monel Metal. 

Welding, Brazing and Soldering: Monel Metal is weld- 
able by all regular methods, including flash and seam 
welding. Plain and flux coated wire for gas and elec 
tric welding are distributed through the same channels 
as the metal. 


Monel Metal is silver soldered with Easy-flow Braz- 


ing Alloy” (MP-1175° F.) or Grade RT Silver Solder 
MP-1325° F.) using Handy Flux, all of which are 


82 Fulton Street, 
New York, Brazing is done with bronze weld 
ing rod using Inco (ras Welding and Brazing Flux 
Soft soldering is done with 50-50 solder using a zine 
chloride base soldering flux. 


Machineability: Monel Metal is machineable. 
cause of the great toughness of the metal, slower cut 
ting speeds and lighter cuts are made, using tools of 
tough high speed steel that are ground with sharper 
angles and honed. Sulfurized mineral oil used 
abundantly as a lubricant for boring, ete., and is pre 
ferred for all work, though water soluble oils suflice for 
lathe work 


Be 


Is 


Special grades of free machining Monel Metal are 
available for automatic machine work where high 
cutting speeds must be maintained. Free machining 


qualities are, of course, Obtained with a sacrifice of 
toughness and some sacrifice of strength and hot 
ductility, but without impairing the corrosion re 


sistance. 

Forging: Practically any shape forgable in steel can 
be forged in Monel Metal. The recommended forging 
range is 1750-2100° F. Proper heating is important 
and it is essential to avoid exposing the hot metal to 
sulfurous heating atmospheres or other sources of sul 
fur. The heating atmosphere in contact with the 
metal should be reducing in character, i.e., 2-5% 
excess CQ. 


Drawing and Stamping: The practice for Monel Metal 
closely follows the practice for steel. The same die 
materials are satisfactory, except carbon steel. Use a 
lubricant with high film strength, such as beef tallow 
or castor oil, and avoid lubricants containing sulfur or 
lead, if annealing is necessary. Anneal after 35-50% 
reduction of diameter. 

Spinning: Monel Metal spins like steel but more 

easily. Lay the metal down on hard chucks using long 
powerful strokes and avoid reworking as much as pos 
sible. Use tallow for lubricant and avoid soft steel 
tools. Always anneal before network of fine cracks 
develops on outer surface. 


Annealing: Clean off any lubricant, paint marks, 
etc., before annealing. Softening begins at 1200° F. 
and proceeds rapidly above 1600° F, Prolonged heat- 
ing above 1600° F. develops large grain size, which is 
not desirable. See notes on heating under Forging. 


Magnetic Properties 


Monel Metal is slightly magnetic at temperatures 
below its transformation point, which is around 200 
‘. Permeability is affected considerably by mechani 
cal and thermal treatment and by composition. A 
magnetizing force of 60 Gausses induces a flux density 
of approximately 1300 in annealed Monel 
Metal rods and sheets, but the flux density may be 
deviated as much as 750 Gausses by mechanical and 
thermal treatment. 


Ciausses 


Effect of Temperature on Properties 
The properties of Monel Metal are not much af- 
fected by temperatures up to 750° F. Short time ten- 
sile tests show a practically straight line drop in tensile 
strength from 70,000 p.s.i. at 800° F. to 10,000 p.s.i. at 


1500° F. The limiting creep stress is 45,000 p.s.i. at 
800° F., 15,000 p.s.i. at 1,000° F. and about 3,000 p.s.i. 
at 1200° F. 


The toughness of Monel Metal is not diminished by 
lowering the temperature. Izod impact tests made at 

300° F. yield the same values as at room tempera 
ture. At the low temperature, the tensile strength 
yield point and elongation are approximately 40% 
higher. 


Literature 
Technical bulletins giving more detailed information 
on the properties of Monel Metal are available on re 


quest. Send for List B showing all bulletins and othe 
literature on Monel Metal and Rolled Nickel. If ir 
terested also in nickel steels, nickel cast iron, nicke 


bronzes, etc., ask for List 


A as well. 





Copies of this page are available on request in loose 
leaf form, 
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METAL-CORED 


TENITE 


™NCASING metal die-castings in smooth, colorful Tenite marks a new and important development in product design. 
— Examples are these motor car handles, by Die Casters Pty., Ltd. of Australia, in which Tenite is molded over zinc cores 
y the rapid injection process. The use of Tenite over metal enables designers to achieve new beauty and utility in many 


oducts where high strength, lustrous coloring, warmth, and smoothness are desired. Write today for the Tenite booklet. 


ENNESSEE EASTMAN CORPORATION (Subsidiary of Eastman Kodak Co.), KINGSPORT, TENNESSEE 
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Just 7Zzy Metal Won't Do 


Condensed from an article by R. A. Wilkins 
Vice-President in charge of Research and Development 


From the many basic metals and their thou- 
sands of alloys, how is one to select the par- 
ticular metal that is best suited for a specific 
use? Just avy metal won’t do. 

The three major factors that must be con- 
sidered are: safety, endurance and economy. 

Ot course, the first point to be considered 
is: “Will a specific metal or alloy have suth- 
cient strength, toughness, ductility and resis- 
tance to corrosive attack to stand the imme- 
diate treatment or service to which it is to be 
exposed:”? ‘This initial query is, as a rule, 
easily answered on the basis of static physi- 
cal and simple chemical tests. 
“Will the metal 


selected endure in the service for which it is 


The next question is: 


intended?” ‘This question involves a knowl- 
edge in some instances of the characteristics 
of the metal or alloy under repeated stresses, 
or of its resistance to a specific type of cor- 
rosion which may be encountered in service. 

Then comes the question of cost. “Of the 
many possible materials meeting the imme- 
diate requirements and possessing varying 
degrees of endurance in the use intended, 
which will yield the maximum of useful ser- 
vice per dollar invested?” The answer to 
this question must be based on experience 
and engineering and business judgment. The 
cost per pound of a metal or alloy is but one 
factor in the determination of the economy 
of its use. 

Manufacturing costs vary. Some materials 
are cheaper to machine than others, easier to 
draw, easier to spin, or to weld, or to cast. 
With some types of fabricated products, per- 
fection of finish is necessary, and the costs 
of grinding, buffing, polishing and plating 
may constitute a large percentage of the 
total cost of the finished 


There are applications where replacement 


‘ rticle. 


costs and shut-down costs are high, or where 


Pavh Bros. 


the cost of damage consequential to possible 
failure would be very heavy. In cases such as 
these, first cost alone does not constitute a 
sound basis for the selection of material. 
That’s where non-ferrous metals should be 
considered. 

Copper and copper base alloys possess cer- 
tain fundamental properties which constitute 
the underlying reason for their widespread 
use. Copper itself is characterized by: 

1. High electrical conductivity 

High thermal conductivity 

Great ductility 

High resistance to atmospheric corro- 
sion and the attack of many chemicals. 

The principal alloys of copper retain in 
modified form its ductility and resistance to 
corrosion. Certain other properties of indus- 


trial value are introduced. The brasses and 


bronzes retain much of the high ductility of 
copper and much of its resistance to corro- 
sion. In addition, these alloys possess greater 
strength and better casting, machining, 
welding and bearing properties than the 
parent metal. 

The widespread use of copper in the elec- 
trical industries is, of course, dictated by the 
high electrical conductivity of the metal. 

Where intricate machining operations are 
to be performed on small metal parts, we 
find free-cutting brass rod being used, with 
the net result that the finished part is less 
costly than when made from lower cost 
metals which machine with greater difficulty 
and at lower speed. 

When drawn metal parts are to be polished 
and plated, we find brass widely used because 
of the ease with which it can be drawn, pol- 
ished and plated and because of the satisfac- 
tion proved to be given by non-rusting mate- 
rials as bases for electro-deposition. 

We find copper alloys widely used in the 
form of bearings where the ease with which 
these alloys can be cast and machined and 
the service they give in use renders them 
outstanding in performance and economy. 

Where corrosion is a problem, and where 
the costs of installation and maintenance are 
high in comparison with the cost of the 
metal used, we find copper roofing and flash- 
ing, copper and brass water service tube, 
copper automobile radiators, copper alloy 
condenser tubes, copper alloy refrigerator 
parts and innumerable similar products. 

There are many more applications for 
copper and its alloys. If you have a design 
ing or production problem for which thes 
non-ferrous metals might prove the answer, 
we invite you to consult with our Technica! 
Ad\ isory Service. Address our Executiv 
Offices 
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SG u2e0ze the Deadweight 


prom machinery of every kind 


Compare this year’s truck with its predecessor of ten years ago. Its weight, price and cost of operation 
have been radically reduced, with no impairment of safety. In fact it is more dependable, more 
enduring than ever before. Among the materials that have played an important role in this striking 
transformation are the Nickel Alloy Steels. Through a partnership with Nickel, the simple steels of 
yesterday have been rendered tougher and stronger — more highly resistant to shock, stress, fatigue, 
abrasion and wear. Their greater strength-to-weight ratio offers every manufacturer the opportunity to 
cut down power consumption and replacement costs. Our experience in the application of Nickel to indus- 


trial problems is at your disposal. Send for List “A” of available publications on Nickel and its alloys. 


YG, teels 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N. Y. 


+ PRODUCT ENGINEERIN¢ 














MODERN FASTENINGS 


Feature MODERN METHODS 
MODERN ECONOMIES 
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A comparison of today's types of fastenings with those of a 
few years ago shows many a once-orthodox type gone by 
the board. Demands for lower costs and simplified fabrica- 
tion have changed the picture. 


To fill these demands, Scovill has done considerable de- 
velopment work in volume production of cold-headed 
fastenings. The illustration at the right shows the wide 
possibilities offered by this method. Some are made from 
brass, some from steel, others from bronze, copper and 
aluminum. Each was produced to meet the particular re- 
quirements of one manufacturer's product. 





Scovill cold-headed and threaded products are today used 
in electrical devices, railway signal apparatus, automobiles 
and accessories, sewing machines, office machines, plumbing 
specialties, calendar pads, inserts for plastics, and so on 
through a list as wide as industry. 





Substantial economies—both in the cost of the fastenings and 
in their later assembly—are frequently made through the use 
of Scovill’s facilities for the production of this type of 
material. Redesigning of products is not necessarily a 
preliminary to these economies. 


Scovill’s Screw Products Division welcomes discussion with 
manufacturers interested in the application of modern 
fastenings to their products. A call or a letter to any Scovill 
office or to Scovill Manufacturing Company, 35 Mill Street, 
Waterbury, Connecticut, will bring further details of Scovill's 
scope along these and other metal-working lines. 


TO THOSE INTERESTED IN CANADIAN AND FOREIGN MARKETS 
Scovill offers the facilities of its well established Canadian plant in 


Toronto, Ontario, to those concerns interested in distributing to Canadian 
and foreign markets. 





This Toronto plant duplicating many of Scovill’s United States facilities 
makes possible volume manufacture of metal parts and products in 
Canada, or by partial manufacture in the United States and final fabrica- 
tion, finishing, and assembly in Toronto, complete service on a wide 
range of parts and products can be arranged. 


mae TOLL 


A letter to Scovill at either Waterbury or Toronto will bring you 
further information. 


SC OVILL 


SCOVILL MANUFACTURING CO., WATERBURY, CONNECTICUT 


8o ‘on, Providence, New York, Philadelphia, Atlanta, Syracuse, Pittsburgh, Detroit, 
Ch -ago, Cincinnati, San Francisco, Los Angeles. IN EUROPE: The Hague, Holland. 
IN CANADA: 334 King Street, E., Toronto, Ontario 
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RIVERSIDE 
PHOSPHOR BRONZE 


Emsures trouble free performance 
of undersea Motion Picture Camera 











Phosphor Bronze is used tor this application because of this metal’s well-known 
resistance to corrosion. The Mechanical Iniprovements Corporation of Moores- 
town, N. J., who developed and produce this camera, specify RIVERSIDE 
Phosphor Bronze for springs, guides for interchanging lenses and focus- 
adjustment parts in this equipment for this reason: This Company is noted 
for its ability to provide consumers with wrought Phosphor Bronze 
having the precise characteristics which they require. 











THE RIVERSIDE METAL COMPANY 


RIVERSIDE Burlington County NEW JERSEY 














NEW YORK e HARTFORD e CLEVELAND e CHICAGO 
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BELOW: TRANSITORQ* driving 
Tentering Frame and Palmer. Speed 
infinitely adjustable for maximum 
production with different kinds of 
cloth. 





ABOVE: Quetch driven by TRANSITORQ* 
with speed automatically controlled to main- 
tain even tension on cloth for better finish 
with increased production. 


. - - and with the TRANSITORQ — 


TRADE MARK 


better finish—greater production 


On the Morrison Finishing Machine Trans- 
itorq’ drives for the Palmer and Quetch not 
only give accurate and positive control of speed 
so that maximum production is readily attained 
for different fabrics, but the sensitive, light-acting 
speed control of the Transitorg’ makes possible 
an automatic regulation of cloth tension that as- 
sures a definitely better and more uniform finish. 

Transitorg’ is a complete, compact unit— 


takes up less space. Its upkeep is remarkably 





NEW//DEP 
orsie 
TRANSITORQ 


low — no parts that require periodical replace- 
ment. Speed changed instantly, accurately and 





easily at the mere touch of a finger or auto- 


matically, as desired. Transitorg’ is highly 
efficient, long-lived and its drive is positive. Its 
rapidly increasing use in every major industry 
is proof of the possibilities it holds for radical 
improvement in machines and processes. 

For further details, ask for Booklet PE. 
The New Departure Mfg. Co., Bristol, Conn. 


TYRE 
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DURONZE...MODERN HIGH-STRENGTH, ACID-RESISTING SILICON-BRONZES 








MADE OF DURONZE 


FOR PERMANENT TOUGHNESS AND STRENGTH 















a . * 

URONZE marks an enormous advance in non-ferrous metallurgy. 
connectors, pole-ine hardware, bol An electric-furnace silicon-bronze exclusive with Bridgeport, it 
nuts, palnuts, ete. is non-rusting, readily workable and permanently tough and strong. 
econo Se geortyuaaliaae Exposed parts made of Duronze do not fail. Yet this superior 
ELECTRIC TRANSMISSION—hish material is surprisingly inexpensive. 
poner soerncenmg tl 7 We supply Duronze in rod, sheet, wire, tubing, and in ingot form. 
wood screws, bolts, turn-buckles, In making plans for new apparatus, where permanent toughness and 
ae ait ca ae, strength are important, or for modernizing and strengthening exist- 
corrosive bolts and nuts. ing items, it will pay to investigate Duronze. We will gladly put you 
sans walvestems,ollburnes nestles cr in touch with manufacturers of Duronze products. 

T-kuad bolt, wuts, loch washers end BRIDGEPORT BRASS COMPANY 
eins BRIDGEPORT, CONN. ESTABLISHED 1865 
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EW metals and plastics, new methods of assem- 

bly, new finishes, new shapes and forms in the 
hands of progressive designers are giving American 
industry the finest of equipment for high-speed, low- 
cost production. 

But are you giving these machines every opportu- 
nity to realize their full potentialities in the plants 
of your customers? Some kind of speed adjustability 
is provided in almost every new design that comes off 
the drafting boards. Be sure that your designs include 
the right kind. 

Modern machines deserve modern speed control. 
Manufacturers of more than 1100 different kinds of 
machines provide REEVES Variable Speed Trans- 
missions, Vari-Speed Motor Pulleys or Vari-Speed 
Motodrives to meet this requirement. For REEVES 
Speed Control—built around these three basic units- 

; thoroughly modern—in materials, design, appear- 
nce and, of greatest importance, in results. 

May we send you complete information on the three 

1odern REEVES Speed Control units and how they 
ay be applied asstandard equipment to your machines? 


SREEVES 


SPEED CONTROL 


Di CEMBER, 1936 # 


SPEED CONTROL | 





®@ Top Left 
plied to Sander (side panel removed). Makes any rate of feéd in- 
stantly available to operator, permitting wide range of sanding 
results with one handling of stock. Mounts on standard shaft of 
any constant speed motor. Forms direct drive to machine. Sliding 
motor base is moved forward or back for speed changes. Seven 
sizes—fractional to 7!4 h. p.; 3:1 range of variation. 


REEVES VARI-SPEED MOTOR PULLEY ap- 


® Top Right—-REEVES VARIABLE SPEED TRANSMIS- 
SION, horizontal enclosed type, applied to Saw Carriage of Cut- 
Off. Synchronizes Cut-Off with straightening unit in cold roll mill. 
Provides positive, infinite speed adjustability. Accurate at all 
speeds. Modern open and enclosed designs, vertical and horizontal. 
Fifteen sizes—fractional to 100 h. p. Speed variations 2:1 to 16:1. 


@® Lower Right—REEVES VARI-SPEED MOTODRIVE ap- 
plied to Wire Straightener and Bundling machine. Speed is varied 
accurately and instantly according to gauge, shape, kind of wire, 
length of cut. REEVES Vari-Speed Motodrive is newest member 
of the complete REEVES line. Combines constant speed motor, 
speed varying mechanism and reduction gears (where required). 
Space-saving horizontal and vertical types. 14 to 10 h. p. Speed 
variations 2:1 to 6:1. 


REEVES PULLEY COMPANY, COLUMBUS, INDIANA 


Send, without obligation, information on complete REEVES line 
as contained in 112-page Speed Control Handbook K-36. 


(K-12-36) 


Name... 
Company 


Address.... 
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WILCO 


Development 


A New Thermometal for Unusually High Temperatures 


(THERMOSTATIC BI-METAL) 


t ERE’S the newest development of the Wilco research 
laboratories a thermostatic bi-metal that offers 
greater strength . . . greater sensitivity and greater resis- 


tance to deterioration at unusually high temperatures. 

\t temperatures of 300°F to 650°F, the deflection 
curve of Highheat 47 is practically a straight line. Above 
or below these limits, deviation from the rate of deflection 
is so slight that a working range of 100°F to 800°F is 
entirely practical. When properly heat treated and not 
subjected to excessive strain, Highheat 47 is not injured 


by temperatures as high as 1300°F. 


Wilco’s development of Highheat 47 makes flatirons. 


electric ranges. waffle irons and toasters far more sensitive. 
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Refiners and Workers of Platinum, Gold and Silver .- 


H. A. 


105 CHESTNUT STREET, NEWARK, N. J. BRANCH OFFICES 


Precious Metal Contacts 










far more dependable. But its use is by no means limited 
to such appliances — because of its greater strength and 
highly non-corrosive properties, Highheat 47 is equally 


adaptable to many unusual industrial purposes. 


Learn more about this newest Wilco thermostatic bi- 
metal. Write Dept. 101 for sample. stating conditions of 
use, and thickness desired: and “Blue Book of Thermo- 
metals” which describes Wilco Thermometals and gives 
valuable data on thermometal formulae. Take advantage. 
too, of the engineering skill and experience that Wilco 
as the largest producer of thermostatic bi-metals for the 


competitive market — places at your disposal. 


Wilco engineers know thermostatic metals. For more 
than 22 years they have designed and developed such 
metals. and co-operated with the industrial leaders of the 
world in adapting them to commercial use. Their advic« 


is unbiased — offered entirely without obligation. 


\' ao ed. Be og om 


- CHICAGO, ILL. - DETROIT, MICH. 


Wilco Thermometals (7 /iermostatn 
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NOTHING LESS THAN A 





Theories may sound good but it takes action... 
Live Action to keep machinery tight! No bolt or nut 
ever loosened initially from vibration or shock be- 
cause it turned backwards upon its threads. The friction 
and adhesion in the threads is infinitely more than 
enough to resist backward turning due to vibration 


and shock so long as the pressures set up by the wrench- 
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| | CANT BE FOOLED 


SUFFICIENT RANGE 


OF hive tetion CAN COMBAT 


THE FORCES OF WEAR AND VIBRATION... 


( Joe 
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ing in the original assembly are maintained. Only a 
SPRING WASHER can do this. 


There is no substitute for a spring washer 


SPRING WASHER INDUSTRY 
616 WRIGLEY BUILDING, CHICAGO, ILL. 
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Money saved on every one of these jobs 

by faster cutting — cleaner machining 

Carpenter Stainless! The special non- 

& galling and non-seizing properties of 

c this Free Machining Stainless Steel 
+ keep the chips from sticking to the 
& : tools. Clean machining also means 
S lower finishing costs. Are you saving 
= all that you can on Stainless parts? 





Ali 


Carpenter STAINLESS § 
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Cleaner Machining 


this, Stainless Steck 


When the nose of the tool bites into a bar of 
Carpenter Stainless you can almost “feel” the 
difference. The chips fall cleaner and faster 
and the finish is finer and smoother. The 
easier Cutting means less heat, longer tool 
life, increased output, lower Stainless costs. 


With Carpenter Stainless No. 5—a 14% 
chrome iron—you can give your product all 
the advantages of Stainless Steel with the 
machining economy of ordinary screw stock. 


For those parts that demand maximum cor- 
rosion resistance—Carpenter Stainless No. 8 
—an 18-8 chrome nickel steel—holds down 
machining costs. Selenium, a recent Carpenter 
















development, makes this tough steel freely 
machineable at 60% to 70% of the speed of 
ordinary screw stock. 


And in actual service, these Carpenter Stain- 
less Steels work more freely on metal-to-metal 
contacts and are less likely to scratch or gall. 


If you are using Stainless Bar stock—find out 
how much easier you can do the job with 
Carpenter Free Machining Stainless Steel. 
And if you have stayed away from Stainless 
because of cost or working difficulties — 
remember Carpenter Stainless has licked many 
an “impossible” job. Try it! 

The Carpenter Steel Company, Reading, Pa. 


Carpenter Stainless Steel is sup- 
plied to meet U. S. Navy, Aero- 


nautical and Army Specifications. 
Just tell us what Specifications you 


have to meet. 
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I : FREE TO MANUFACTURERS IN U. S. A. | 

é 

he j THE CARPENTER STEEL COMPANY 

ns ' 117 EAST BERN ST., READING, PA. | 
i 

ng | 


Please send me your Free Illustrated Book, “ Working Data 
| and Technical Facts on Carpenter Stainless Steels.” 
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CARBON TEST—Steel and cast iron are tested for carbon STRENGTH TEST—Shaft and frame materials # 


content to make sure that they meet the high G-E physical- regularly tested to destruction to make certain 
property standards that they meet the rigid G-E standards 


using pre 
General Electric induction motors are determined accurate- cision instruments, inspect the motor p ar} to om 


ly by dynamometers like this certain that they meet the exacting 
cations 


GENERAL @ ELECTRIC 


CONDUCTIVITY TEST—Aluminum is tested for conduc- DYNAMOMETER TEST—Speed-torque characteristics of ACCURACY TEST—Skilled workme: 


tivity before it goes into the indestructible rotors of G-E 
motors. This is to assure economical operation 











O matter how closely you examine these samples of 

silicon steel—or how accurately you determine their 

chemical analysis—you can’t tell them apart. Yet one of 
them has high permeability; the other, low permeability 


If the rotor and stator laminations of G-E induction motors 
were made from silicon steel of low permeability, relatively 
high core loss would result and the motors would not 
operate so economically and dependabiy. 


To make absolutely sure that only nonaging silicon steel 
of high permeability goes into General Electric motors, 
samples from each shipment are given the Epstein test. Only 
if the samples pass this test will the steel go into G-E motors. 


This and other tests of materials before the motors are 
made, and tests during their construction and after they are 
completed, are your assurance that when you buy a G-E 
motor, you are getting one which will give the utmost in 
long life and low operating costs. Buy motors that pass a/l 
tests—they pay you bigger dividends. 


Mail the coupon for complete information on the new G-E 
splashproof motor—new insulation, new end shields, new 
conduit boxes, and many other new features which mean 
longer motor life. 


These stator (left) and rotor (right) laminations 
for G-E induction motors are made from non- 
aging silicon steel which conforms to the high 
G-E standards for permeabilily and low core loss 


EPSTEIN TEST—Even though the silicon steel used by General Electric is made 
under the direct supervision of a staff of trained G-E metallurgists, it is given this 
Epstein test to make sure that it meets the high G-E standards of permeability 


HOW THESE MOTORS 
WILL SAVE YOU MONEY 


On jobs where there are splashing liquids 
or falling particles, the G-E spleshproof 
motor will give you longer motor life 
and lower operating costs 


G-E totally enclosed, fan-cooled motors 
will quickly pay for themselves in lower 
upkeep costs on dusty, dirty jobs. Write 
for our new bulletin, GEA-1326B 


Use G-E vertical motors on pumps, 
machine tools, agitators, etc. They save 
space and eliminate gearing. All types 
are available 


Where you need a compact, efficient, 
low-speed power unit, use a G-E gear- 
motor— it will help you reduce power- 
equipment investment and power costs 


Protect your men and equipment by 
using G-E explosion-proof motors in 
Class |, Group D, hazardous gas loca- 
tions. 


G-E face- and flange-type motors reduce 
cost for machinery manufacturers by 
saving development expense and sim- 
plifying machine design 


General Electric 


Dept. 6E-201 


Schenectady, N. Y. 


Please send me a copy of this bulletin (GEA- 


1619B) on your new splashproof motors. 


Name.... 


| 


GENERAL ‘% ELECTRIC 


Company 


It's filled with ‘‘inside facts’’ 
about G-E splashproof in- 
duction motors 
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Says the Encyclopae- 
dia: A camel can carry 
a load 25 miles a day 
for three days without 
watering. A horse 
should be watered 
twice a day for the 
same trip. 


Note this patented new 
Morse Spring Lock. This 
exclusive Morse feature 
keeps the chains free 
from vibrationandclatter. 



















Note in this cutaway view 
how the construction IN- 
SIDE every joint allows 
plenty of room for oil. Note 
how the pins and bushings 
are constructed to turn with 


the load. 










stop N.P.L. 
Needless Power Loss ’ 


‘N. P. L. (Needless Power 
Loss) is a drag on your pro- 
‘duction schedules and manu- 
facturing profits. Stop N.P.L. 
Replace old-fashioned, slip- 
ping, fraying and grindin 
transmission drives wit 
Morse Positive, 98.6% Re 
cient Drives and watch yout 
schedules and profits gain 
new momentum. 














Packed witTH IMPROVEMENTS FROM COTTER 
PIN TO BUSHING. Because Morse Roller Chains have an extra space be- 


tween the segmental bushings and the rollers’ cores they can take in and hold 70% more 
oil. But that is only one of the stand-out features of these brilliant performers. Rollers are 
precision ground from a newly perfected alloy steel. Pins and bushings are cold-drawn from 
a carburized, heat-treated, chrome-nickel steel. The new snap-lock cotter pin banishes 
vibration and speeds up installation. 


i  @) o Ss te q 
BRANCH OFFICES IN : 


ALL PRINCIPAL CITIES MORSE CHAIN COMPANY 
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ous: a 


CAMEL takes in an extra 





water, MORSE ROLLER CHAINS 


and hold 10% more oil 








ee 
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OIL GETS IN—WEAR STAYS OUT 


Because a camel sports a spare storage tank 
next to his stomach, he can lap up and hold 
more water than any animal ever taught to 
carry a pay load. And because MORSE ROLL- 
ER CHAINS are engineered with an oil reser- 
voir inside every roller joint, they can take in 
and hold more oil than any roller chain ever 
built to transmit a power load. 


Morse Roller Chains can’t help but last longer. 
They can’t help but run smoother. They can’t 
help but turn over stiff loads with ease. The 
way Morse Roller Chains are built, it’s no won- 
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MORSE SILENT 
CHAINS 


You can get Morse 
Silent Chains up 
to 50 H.P. in 24 
hours or less. You 
can get them up to 
5000 H. P. by spe- 
cial order. 


ler 


ITHACA N.Y. 
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DIVISION OF 


der they spin merrily on—day after day and 
year after year—without a rattle or a clank or 
a growl. Metal-dust doesn’t bother them. Sud- 
den load-shocks don’t loosen them. Hard use 
can’t hurt them. And yet, Morse Improved Roll- 
er Chains cost no more than ordinary chains. 


Take a tip from Morse Chain users. Use Morse 
easy-lubricating, 98.6% efficient, long-wearing 
Roller Chains and watch your power output 
climb, your maintenance expenses drop and 
your profits fatten. Phone the Morse man near 
you or drop a line to our engineers here in Ithaca. 


a ik 


MORSE FLEXIBLE 






Morflex rubber- 
Gee § bushing-type and 


¢ 
i 
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Morse Standard 
sprocket-type coup- 
lings are stocked in 
all standard sizes for 
immediate delivery. 


CHAI 





drives. 






























Write for This 
HANDY BOOK 


This handy new 
MORSE STOCK 
BOOK contains a 
wealth of informa- 
tion about power 












yours for the asking. 


BORG WARNER “CORP. 
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economies you require. 


. Great effort goes into the design of a steel 
part, into experimental work and into planning 
its production before manufacture actually be- 
gins. Then, the steel that has been specified 
must make good—must be right up to all qual- 
ity requirements and respond properly to ma- 


chining and heat treating processes. 


Union Cold Drawn Steels are faithful to 
specifications because they are made under 
scientific control by the most modern steel fin- 
ishing practice and carefully inspected. You 


can rely upon them to supply the qualities and 


UNION DRAWN STEEL CO. 


MASSILLON, OHIO 


A SUBSIDIARY OF 


rT 
| REPUBLIC | 


STEEL 


REPUBLIC STEEL CORP. 






































Progressive in thought and sensitive to the rising stand- 
ards of popular taste, the radio industry is setting a fast 
pace in modern product design. 


Significant, isn’t it, that such outstanding leaders as 
Pilot, Fada and Emerson now have cabinets molded of 
Beetle. Its a trend, born of sound, logical reasoning. 


First, the easy-working, free-flowing qualities of Beetle 
make it the ideal material for large housings on which 
intricate designs appear and where accuracy is essential. 
Second, Beetle’s durability gives lasting protection to 
the radio’s valuable mechanism. 

Third, Beetle’s light weight saves packing and shipping 
expense. 























Fourth, a Beetle housing, being all one molded piece, 
greatly simplifies assembly problems. 

Fifth, Beetle colors have magically appealing quality. 
Moreover, they do not lose that quality—for Beetle is 
solid color . .. never shows the effect of impact, abrasion, 
scratching or wear. 

There are other reasons why more and more manufac- 
turers, not only of radios but of many other highly com- 
petitive products, are turning to Beetle for the utmost 
in plastic beauty, durability and efficiency. A product 
of yours may benefit by Beetle’s advantages. We invite 
your inquiries. 

BEETLE PRODUCTS DIVISION OF AMERICAN CYANAMID COMPANY 
32 ROCKEFELLER PLAZA, NEW YORK, N. Y. 


IT’S ALL COLOR AND IN ALL COLORS 














How Welding— 
makes A Better Cabinet... 


This instrument cabinet is better because 


it’s welded. Welding makes it jointless, in- 
tegral, rigid far beyond the rigidity of the 
thin base sheets, and accurate to within 
fifteen-thousandths of an inch. 

Design for welding has imparted similar 
desirable properties to many products. Sim- 
plicity and economy in fabrication .. . ac- 
curacy in execution... and the consequent 
assurance that design plans can be dupli- 


cated in practice . . . are important reasons 









LINDE ‘OXYGEN ¢ PREST-O-LITE ACETYLENE « OXWELD APPARATUS AND SUPPLIES FROM 
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why. you, too, can benefit by using welding. 
Linde engineers can help you. These men 


have pioneered the oxy-acetylene process, 


and are regularly cooperating with more 


than 100,000 users of Linde products in 
making the most beneficial use of welding 
and cutting. Their cooperation is available 
from a Linde office near you. The Linde Air 
Products Company, Unit of Union Carbide 
and Carbon Corporation, New York and 


principal cities. 





PR TS OF UNITS OF 
. ‘ ARB DE Ang 
ARBON (CORPORATION 

























@ These automotive brake pistons have to be right 
two ways strong and accurate, so they ll work when 
theyre needed yet low in cost, to fit the remarkable 
economy of automobile production. 

To meet requirements so rigid, die castings of Alcoa 
\luminum are a logical choice. The process is funda- 
mentally economical for quantity production, because 
finishing cost is reduced to a minimum. Close tolerances 
cut the amount of machining required. Lugs, bosses, 
identification marks, and special contours may be cast 
integral, simplifying assembly. An excellent surface is 
obtained. High physical characteristics peculiar to 


die-casting result from the quick chilling and even 





grain of the metal. Dimensions of Aluminum die cast- 
ings are permanent, there is no “growth.” 

Can these typical characteristics of Aleoa Aluminum 
die castings save you money? Analyse your product, 
looking particularly for parts that move and should be 
light, for parts that must conduct heat, for parts that 
are subject to corrosion. There are several special alloys 
of Aleoa Aluminum to fit requirements for various 
physical properties in die castings, and our casting 
facilities make volume production under close super- 
vision available at reasonable cost. Write for com- 


plete information. ALUMINUM COMPANY OF AMERICA, 


2193 Gulf Building, Pittsburgh, Pennsylvania. 
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@ Right now an ordinary dry-cell is working for you, 
in a bell, a buzzer, an instrument, an emergency light 

any one of a thousand applications around your 
home, your shop, your office. 

Twins of that dry-cell are working equally well, at 
serious jobs, at the far ends of the earth. In the Ant- 
arctic, at outposts nearest the North Pole, in’ the 
steaming tropics, in the salty mists of the high seas. 
in the remote orient, they do their jobs well. 

Under those varied conditions you'll find EVEREADY 
cells, with the all-important binding-posts fitted with 
bright little knurls made of Alcoa Aluminum. Aluminum 
knurls stay bright, clean, attractive, and workable. 
Widely differing conditions do not impair their value 


because Aluminum resists corrosion. 
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Aleoa Aluminum Free-Cutting Screw Machine stock 
is the big news of the automatic machine industry. Try 
it, if you need low cost, or resistance to corrosion, or 
lightness, or attractive appearance. These advantages 
cost nothing extra. The bright finish on these knurls 
indicates that chip sizes are small, that no long turnings 
foul tools or hamper production. The stock is really 
free-cutting: tool speed is high and tool wear is decreased. 

Material cost is surprisingly low, because Aluminum 
stock weighs only one-third as much, hence gives three 
times the parts per pound. 

Ask us for samples, so you can see what Alcoa 
Aluminum Free Cutting stock will do for you. There 
is no obligation. ALUMINUM COMPANY OF AMERICA, 
2193 Gulf Building, Pittsburgh, Pennsylvania. 
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‘The derfer the sheet 
the berfer the job it will do 
























HERE’S more to a steel sheet, 

black or galvanized, than how 
it works up on the job. It’s the way 
it stands up in service that finally 
determines its quality. That’s why 
wise fabricators specify sheets from 
a source of unquestioned reliability. 
It accounts for the national prestige 
and distribution of our Black and 
Galvanized Sheets. 

The best metallurgical talent and 
facilities are considered none too 
good for these steel sheets. For uni- 
formity, strength, ductility and finish 
these sheets conform to the exacting 
requirements of the most particular 
fabricators. 

Our Black Sheets are available in 
varying degrees of finish, tenacity 
and other needed qualities. We have 
them for every known manufactur- 





ing need. 

Our Galvanized Sheets not only 
have a fine steel base, run as close 
to gauge as the best mill practice 
permits, but have a zinc coating 
which assures satisfaction under the 
most trying conditions of fabrica- 
tion and use. 

Our metallurgists form a valuable 
link between plant and customers. 






They know metal requirements and 





“9 ao et. Cobege © me > eae : i 
“ie ea BAS on: 4 how to meet them. We will be glad 
ae 4g to discuss your sheet needs, advise 
rs the types best suited to your purpose. 


CARNEGIE - ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham, Alabama 
COLUMBIA STEEL COMPANY, San Francisco, California 


United States Steel Products Company, New York, Export Distributors 


UNITED STATES STEEL 
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Columbia Steel Company, San Francisco, Pacific Coast Distributors 














2 of 3 weRE PLASKON! 


The ivory Plaskon Silvertone Radio cabinet and FIRST IN DECORATIVE GROUP 
the white Toledo Scale housing won two of the three 

First Awards in the 1936 Modern Plastics Competi- 

tion. Four other products molded of Plaskon won 

Honorable Mention in this great contest in which 

hundreds of products were entered and every a 

plastic was represented. Wouldn't it be a good idea ST IN INDUSTRIAL GROUP 


for you to investigate the selling and structural ad- 
sZotel Co (o( 1 Mao) MB (ot-) co) + Mnem \ (0) (0 (1 Ore) (0) Meamale isl belek. At 
We'll gladly give all the information /you want. 


PLASKON COMPANY: INC- 2120 SYLVAN AVE, TOLEDO, OH0 : 


CANADIAN AGENTS: CANADIAN INDUSTRIES LIMITED, MONTREAL, 
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A GOOD RULE TO FOLLOW 
— USE ENDURO 


Craftsmen, engineers and others who 
have used rules made of ENDURO 
Stainless Steel with markings etched 
into the metal are loud in their praise. 
This rust-proof metal is also being used 
for many types of tools and instruments 
in which permanence of finishis desired. 


REPUBLIC 
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Licensed under Chemical Foundation Patents Nos. 1316817 and 1339378. 


WIPE AWAY UNCERTAINTIES 
WITH ENDURO STAINLESS STEEL 


Many manufacturers of windshield 
wiper blades for automobiles are clear- 
ing the way to better sales and profits 
with attractive, rust-proof ENDURO. 
Weather has no effect upon it. You can 
wipe away design problems in your 
product, too, with ENDURO. 


IF YOU ARE BUILDING 
OR WILL BUILD TRAILERS — 


America is taking to the open road — 
in se ug wise trailer manu- 
facturers preparing for next year’s 
business are adding distinction and 
appeal to their product with shining 
ENDURO Stainless Steel used for sinks, 
refrigerators, trim and elsewhere. 





THAT MR. AND MRS. TRAVELER 
MAY ENJOY FINE FOOD 


The next time you order a juicy steak 
in the diner of a modern train, enjoy 
its fine flavor with the knowledge that 
it probably was prepared in shining, 
Sanitary, stainless ENDURO equip- 
ment. Many of the new trains are com- 
pletely ENDURO-equipped. 











STARCH MAKING IS NOT 
A STIFF PROBLEM 
FOR ENDURO STAINLESS STEEL 


Because it is immune to corrosion 
from the materials used in the manu- 
facture of starch and because it is easy 
to clean, ENDURO is being used for 
large starch processing kettles and the 
scraper agitators used inside the kettles. 





USE ENDURO STAINLESS STEEL 
FOR THE SMALL PARTS, TOO 


Oftentimes a very small amount of 
ENDURO correctly applied will solve 
a most trying corrosion problem—just 
as it did when used for the valve nozzle 
in a liquid soap dispenser. ENDURO 
can be machined or fabricated with- 
out difficulty to most any desired form. 





CLEAN AND RUST-PROOF 

TO A HIGH DEGREE 
When a prominent manufacturer of 
glass fruit jars found rust or brownish 
stains on the jars as they came from 
the annealing furnace, he installed 
conveyor rollers of corrosion- and 
heat-resisting ENDURO and thus 

eliminated all difficulty. 





BATHS MEAN CLEANLINESS 

— SO DOES ENDURO 
Because ENDURO is clean and sani- 
tary, it is the logical material for bath- 
rooms of all types. It is being used for 
shower cabinet linings on boats with 
highly satisfactory results. It is being 
installed for panels and fixtures in 

residence bathrooms, too. 





For beauty, sanitation, corrosion-resistance or heat-resistance—with high strength and long life—no matter what you 
make—consider ENDURO Stainless Steel, trail blazer to better products and bigger profits. Write for full information, 
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AND THE=GARS—YOU-RIDE IN 


7. REBIRTH of the railroads as 
America’s most luxurious mode 
of travel is a saga which captures the 
imagination of every business execu- 
tive. Four years ago airplane, motor 
car and bus were pushing the rail- 
road passenger train into the same 
musty pigeon hole where the trolley 
car had already been filed. Today 
America’s most alert citizens are 
again traveling by rail. 

The change did not come by chance. 
Railroad tycoons, with fingers on the 
public pulse, keenly analyzed the 
modern idea—speed, comfort, safety. 

High speed, streamlined trains, 
air-conditioned and luxurious in 
their appointments, have made their 
appearance on a dozen of the coun- 
try’s greatest transportation systems. 
Filled to overflowing on every trip, 
they have placed the railroads once 
more in the forefront of modern 
passenger transport. 


id 








Courtesy Union Pacific Railroad 


Only new methods of construction 
and new materials, unknown a decade 
ago, have made possible this remark- 
able change. Lebanon Castings, of 
high strength alloy steel, are contrib- 
uting materially to the successful 
operation of many of these trains. 
They have made possible decreased 
weight, increased strength and safety 
factors, and reduction of vibration to 
meet the stern demands of speeds 
which were not even contemplated 
when existing roadbeds were built. 


LEBANON STEEL FOUNDRY - LEBANON, PA. 


wo 
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Stainless and Srocial 
(Moy Stool Castings 








NEW 


Alloy Steels 


Pattern Design 


Foundry Practice 


Not only has Lebanon developed a variety 
of satisfactory analyses of high-strength and 
corrosion resistant alloys suitable for the 
making of steel castings, but they have 
found it desirable to adopt new foundry 
methods for handling the new alloys. Fre- 
quently, as in the case of much of the work 
produced for the new high speed trains, 
Lebanon engineers have cooperated in de- 
signing patterns to take full advantage of 
the characteristics of the new materials. 


The results of this cumulative experience 
are available to all design engineers who 
are seriously engaged in the problem of 
utilizing high strength, wear-resistant or 
corrosion resistant steel castings in their 
products. Our metallurgists, engineers and 
foundrymen will gladly work with you 
toward a satisfactory solution of your de- 


sign problems in the application of these 


new materials to your products. 





Pneumatic Rock Drill Shell castings made of 
Cirele L 1, a medium manganese alloy, with 
great resistance to wear and shock. Satisfactory 
machining qualities and good machine finishes 


add to its popularity. 





Circle L 22, an 18% chromium, 8% nickel alloy, 


carbon .07 max., which has proved one of the 
best for extremely severe corrosive conditions, 


was used in this liquid pump cylinder. 


One of the truck side frame castings of a special 
Circle L 1 alloy steel used in the new fleet of 
Union Pacific high speed trains. Circle L 1 alloy 
steel has exceptionally high tensile and _ yield 


values and maximum ductility. 
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1907— 


A scientist in the 
“House of Magic’ 
wrote in his note- 
book that molten 
copper, in a control- 
led atmosphere, wets 
iron and flows over 
it, and makes strong 
bonds 


1912— 


While developing 
tungsten contacts for 
automobile ignition, 
the answer to the 
probiem of joining 
the contact buttons 
to the steel fingers 
was solved by ° 
tric-furnace brazing 


1919— 


Following the de- 
velopment of the 
three-stage furnace, 
turbine diaphragms 
and turbine-dia- 
phragm nozzle rings 
were successfully 
copper-brazed in 
production 


1927 — 
The G-E tefrigera- 


tor, in which several 
parts were copper- 





brazed, was _ intro- 











duced. Today, more 
than ever, electric- 
furnace brazing is 
used in refrigerator 
subassemblies 














G-E ELECTRIC-FURNACE 


the “House of Magic” and 29 


LECTRIC-FURNACE brazing 


has been pioneered and developed 





by General Electric from a scientific 
principle to a practical and economical 
method of fabricating metal assemblies. 
Ever since the discovery of this prin- 
ciple, in the G-E Research Laboratory, 
extensive research and practical 
engineering have combined to make 


































G-E electric-brazing furnaces econom- 
ical and dependable. 


When you use this equipment, you 
profit by our 29 years of experience 
with electric-furnace brazing. It is 
your assurance that G-E controlled- 
atmosphere electric furnaces for braz- 
ing are RIGHT—tthat they will give 
you long, trouble-free service at low 
cost. 


; aa 
a : St 
One of the first large electric-brazing furnaces— built in 1920. 
Used for copper-brazing and annealing steam-turbine parts at 
the Schenectady Works of General Electric 


YOUR BEST SALES APPEAL IS QUALITY 


GENERAL 
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BRAZING—a Product of 


Years of Experience 


F you are now riveting, pinning, soldering, welding, torch-braz- 

ing, or machining from solid stock, parts like those at the right, 
G-E electric-furnace brazing offers you an opportunity to save 
money. It will enable you to eliminate expensive machining and 
cleaning operations; to copper-braze all joints in a single operation; 
to substitute steel for more expensive materials; to eliminate costly 
forgings or castings; and to improve the quality and strength of 
your products. 





For complete information, write for a copy of our new booklet 
“‘G-E Electric-furnace 
Brazing,’ GEA-2247. 
al Address General Elec- 
q | tric, Dept. 6D-201, 
| Schenectady, N. Y. 























PROMINENT USERS OF 
G-E ELECTRIC-FURNACE 
BRAZING 


This G-E electric-brazing furnace cuts cost and increases the Remington Rand, Inc. 

strength of accounting- and adding-machine parts for Remington 

Rand. Inc, Union Special Machine Co. 
National Cash Register Co. 


Heat Transfer Products 
Corporation 


Bundy Tubing Co. 


international Business 
Machines Corp. 


Henry Disston & Sons, Inc. 
Scintilla Magneto Co. 
Weatherhead Co. 






This G-E continuous-brazing furnace is typical of those used 
for making parts for automobiles, refrigerators, metal radio 
tubes, business machines, etc. 


GET IT WITH G-E FURNACES 


170-35 
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G-E Electric-furnace Brazing 


Improved These Parts and 
Reduced Production and 
Service Costs 





National Cash Register Co. 
riveted and pinned this cam 
cluster (shown 2/3 actual 
size). Now stakes and elec- 
tric-furnace brazes it. Result: 


increased strength, reduced 
weight, and longer life 





Remington Rand, Inc. riveted 
and stake-pinned the hub 
shoulders of the gear to the 
ratchet, in this assembly 
(2/3 size). Parts now pressed 
together and electric-furnace 
brazed. Result: greater 
strength and durability, 
lower costs 


> 


4 


Union Special Machine Co. 
machined this main shaft 
(1/3 size) from solid bar 
stock. Flanged end now 
electric-furnace brazed, sav- 
ing time and money by 
eliminating much machine 
work 





RCA is making important 
savings by electric-furnace 
brazing the eyelets on this 
metal-radio-tube header. 
The subassembly comes from 
the brazing furnace bright 
and clean 
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pyscathed by lemperature 


and Flame af 2660 F 


Exposure to continuous or intermittent extremes in heat or cold, does not inter- 
fere with the operating reliability of Metalwove Flexible Wire Cloth. Maximum 
service life is obtained by the use of chrome-nickel heat resisting alloys or other 
ductile metals most resistant to your conditions. Various weaves, sizes of open- 
ings and wire diameters are available to meet every installation requirement. 
These unmatchable qualities permit the use of continuous processing belts 
where heretofore they have been impractical or impossible . . . Low thermal 
consumption and maximum air or gas circulation add to the time and money 
saving possibilities . . . Write us describing your problems so that we can submit 


definite recommendations or, if desired, one of our engineers will call. 


) aptly Hoe A U D U B O N 
covering our complete 
line of mesh, filter, screenand 


flexible wire cloth, or see pages 


wtle wire cloth sce Boge FLEXIBLE WIRE CLOTH 
AUDUBON WIRE CLOTH CORP., Subsidiary of Manganese Steel Forge Co., Allen and Butler Sts., PHILADELPHIA 
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Cer tainly, you can machine 
STAINLESS STEEL! 


kven Automatic 












Screw Machines 


Easily Handle 


USS 18-8 FM 
and 


USS 12 FM 


|B poll let machining problems 
keep you from using stainless 
steel for your product — or its vital 
parts. 

Use USS 18-8 FM or USS 12 FM. 
Here are two special analysis stain- 
less steels which are free machining. 
A slight change in each analysis re- 
duces cutting friction without sacri- 
ficing corrosion resistance. Seizing 
and galling are greatly reduced. As 
a result you can machine any pat- 
tern from USS 18-8 FM or USS 12 
FM which can be machined from 
ordinary Bessemer screw stock. 

With USS 18-8 FM or USS 12 FM 
you can now improve your product, 
give it a decided edge on 
competition, increase its 
saleability .. by making 
it of stainless steel. 













































Write us freely, in con- 
fidence, about your prob- 
lem. Qur stainless steel 
specialists will gladly send 
you samples... can give 
you competent technical 
advice on the best analy- 
sis, most suitable design 
and fabricating method 
for your product. 





This bulletin contains full information on USS 18-8 FM .. . tells 


how you can make accurate machined parts in quantity production 
ii from stainless steel. Information on USS 12 FM will be sent 


on request. Write today. 


U-S:S STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
NATIONAL TUBE COMPANY, Pittsburgh 


Columbia Steel Company, San Francisco, Pacific Coast Distributors - United States Steel Products Company, New York, Export Distributors 


UNITED STATES STEEL 
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Licking tough jobs consistently 
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Westinghouse -Nuttall 
Mill Type 2-speed Gear 
Reduction Unit complete- 
ly Timken-equipped. 


A symbol of quality for any piece of equipment 
with which it is associated 





Dependability and endurance are built into Timken Bearings through the 
exclusive combination of Timken tapered construction, Timken positively 


aligned rolls and Timken Alloy Steel. 





In this combination lies the Timken Bearing's trei=ndous 


radial-thrust load carrying capacity; wear resista.. 





shock defiance; and great reserve strength. 


One of the 8 Burlington | It is an assurance of trustworthy operation and long life 
"Zephyr" Streamlined 


T i E i d wi h e + . . o 
"aie in electrical and mechanical equipment of every kind. 











THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 


TIMKEN ®“: BEARINGS 
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PIPE DREAMS COME TRUE 


A typical example of Goodrich improvement in rubber 


T looked like a summer cottage in 

a rain storm... In a cotton-seed 
processing mill, acid-soaked product 
had to be transported around the plant 
in wood troughs, because the acid 
ruined every other material. But even 
the wood troughs leaked—pails had to 
be hung here, there and everywhere 
to catch drips from the leaks, and a 
maintenance crew was kept busy repair- 
ing the system. 


Then a plant official heard about the 
unusual things Goodrich has done with 
rubber. He sent for an engineer —and 
his whole problem was solved, by 


Vulcalock. 
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Vulcalock is an exclusive Goodrich 
process of attaching rubber to metal, 
with an inseparable bond. It was a 
simple matter to replace the wooden 
troughs in this mill with steel pipe, 
rubber lined. Wasteful leaks were 
stopped, production was increased, 
repair and replacement became things 
of the past. 


The Goodrich Vulcalock process has 
hundreds of profitable applications in 
industry. It has reduced pickling costs 
in steel mills. Ball mill linings of 
rubber, attached by Vulcalock, outwear 
manganese steel. Tank-car linings, rock- 
products chutes—all made of Goodrich 





rubber attached by Vulcalock— have 
outlasted steel or other previous linings 
as much as 10 to 1. 


And Vulcalock is only one of scores 
of Goodrich developments made for 
the benefit of industry. Goodrich belt- 
ing, hose, —- molded articles, 
(32,000 rubber items altogether) are 
better values because of constant re- 
search and development in the product 
improvement laboratories of The B. F. 
Goodrich Company, Mechanical Rub- 
ber Goods Division, Akron, Ohio. 


Coodrich 
An puede parte IN RUBBER 
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PARKER RUST-PROOF COMPANY - 


tw 


Pixer Processes are ‘two-way finishing aids”. 
They serve a dual purpose—they provide rust-proof- 
ing and an ideal, cohesive base for all types of paint 
coatings on iron and steel. 


In scores of industries, Parker Processes are relied 
upon. They assure rust-free operation of mechanical 
parts and finish permanence for the life of the prod- 
ct. They produce a surface on the iron or steel to 


Bonderus 
_ 


For more than 21 years this com- 
pany has devoted its entire time, 
talent and energy to the improve- 
ment of rust-proofing methods 
New books describing the Parker 
Processes are available to manu- 
facturers and technical men. Send 


for your copies. 








IT PROTECTS GOODWILL 
Ry Protecting the Product 


which paint, enamel or lacquer will cling. They pre- 
vent chipping, or peeling of the paint. 


A good finish not only protects the product, but it 
protects “goodwill”. Parker Processes help to keep 
your customers satisfied, hold your old markets and 
penetrate new fields. 


Parker Processes can be applied in your own plant 
with comparatively simple equipment by the ordinary 
finishing room labor. 









-RUST-PROOFIN G| 


YOCESSES Fi 


BONDERIZING e PARKERIZING 


2179 East Milwaukee Avenue, Detroit, 
PARKER fk | 
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costs; for others it boosts sales. Still 
others want it because porcelain 
enamel is non-absorbent—can be 
acid resisting—withstands abra- 
sion, corrosion—is glass-hard — is 
colorful. 

What is your finish problem? 


In spite of much “head-shaking 
and criticism”... they “have not had 
one complaint”... with their new 
porcelain enamel tops. 

e . = 
Porcelain enamel has a variety of 
merits. For some it cuts production 


Technical Research Section 
EDUCATIONAL BUREAU 


PORCELAIN ENAMEL INSTITUTE, 
612 North Michigan Avenue ° 


PORCELAIN NAME 
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Ovumagiittry 


PORCELAIN 


ENAMEL 4 


Inc. 
Chicago, Illinois 








COOPERATING FIRMS 
RENDERING PORCELAIN 
ENAMELING SERVICE 









CALIFORNIA 
U. S. Porcelain Enamel Co. 
4635 E. 52nd St. 
Los Angeles 





ILLINOIS 
Chicago Vitreous Enamel 
Product Co. 
1427 S. 55th Ct., Cicero 





Porcelain Enamel Division 
Benjamin Electric Mfg. Co. 
Des Plaines 





INDIANA 
Ingram-Richardson Mfg. Co. 
of Indiana 
Frankfort 





Vitreous Steel Products Co. 
Nappanee 





KENTUCKY 


Porcelain Metals Corp. of 
Louisville _ a 
1414 S. 13th St., Louisville 


MISSOURI 


Day-Brite Reflector Co. 
5401 Bulwer Ave., St. Louis 


NEW YORK 
Porcelain Metals, Inc. 
28-20 Borden Ave. 
Long Islan 


OHIO 


Enamel Products Co. 
Eddy Road & Taft Avenue 
Clevelan 





Toledo Porcelain Enamel 
Products Co. 
i 2275 Smead Ave., Toledo 


TENNESSEE 


Tennessee Enamel Mfg. Co. 
Nashville 














@ You'll find in the booklet shown here 
many of the industries which use 
Nickel-Clad Steel. You'll learn just how 
it is made, and in what pieces of equip- 
ment in each industry it has proved its 
worth. And you'll then see WHY so 
many industries use it... and whether 
it can save money for you. 

Does your plant need it? The only 
way we can answer in brief space is to 
say “wherever”... 

You should have Nickel-Clad Steel 
in your plant WHEREVER you need 
the corrosion-resistance, strength, 
toughness and long life you get from 
Pure Nickel . . . and where the large 
size of the equipment prohibits the 
expense of a solid corrosion-resistant 
metal. 

Nickel-Clad Steel is a bi-metal, with 
the two metals permanently bonded to- 
gether. The Nickel-cladding is usually 
10%, 15% or 20% of the total thick- 
ness. Thinner or heavier cladding or 
clad on both sides can be supplied. 

The only surface that touches your 
product is Pure Nickel. Lots of corro- 
sion-resistance there. And never any 
rust. 

Nickel-Clad Steel has high heat con- 
ductivity 

And Nickel-Clad Steel can be fab 


ricated by all standard methods: form 


uses for 


NICKEL-CLAD STEEL 


Send for the booklet which 
lists them. Wherever you <> - 
must have purity of product 
from heavy equipment, that’s 
where you need this bi-metal 








Ah 
we ° 


ing, stamping, riveting, and welding. 

This ready fabrication is the reason 
why Nickel-Clad Steel can be used 
WHEREVER you need its properties 
... from alkali tank cars to mixers for 


bread dough. 





@ 2000-gallon Nickel-Clad Steel 
torage water heater built by Frank 
Engineering Co., New York, N.Y., 
for a western laundry. The tank 
s 60” dia. x 168” long. The tw 
wrapper sheets are 4,” x 100” x 
168", with 10% cladding; the heads 
are 14," thick with .031 cladding 
The tank is all-welded construc 
tion, using metallic arc welding 
throughout. A new Booklet on 
Nickel-Clad Steel Storage Water 
Heaters and Tanks is available or 
request, 


Get the information that may cut 
your equipment costs ¥3 to ¥2. Write 
for the booklet “Lukens Nickel-Clad 
Steel,” shown above; ask also for Tech- 
nical Bulletin T-4, “Methods for the 
Fabrication of Nickel-Clad Steel Plate.” 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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MOLY steel’s greater strength means less weight— easier handling 


WHEN operating equipment has to be handled by 
man-power, the importance of light weight through 
the use of the strongest possible material comes home 
with telling effect. Logging blocks, for example. Ask 
any rigger what a back-breaking job it is to tote them 
aloft. Think, too, of the abuse they get. ... Dropped 
from great heights, battered and banged around, 
exposed to weather —it’s a hard life they lead. 

By making side frames and sheaves out of 2% 
Nickel-0.40% Moly steel, the weight of logging blocks 
can be reduced one-third to one-half — without sac- 
rifice of strength. Similar foresight in the construction 


of other forms of industrial equipment can lead to cor- 
responding savings in time, labor, wear, depreciation. 

What do you make or use that would gain through 
lighter weight, higher strength, greater resistance to 
impact, abrasion, creep, corrosion? Look into Moly 
and its many-sided qualities for improving any steel 
or iron— whether plain or otherwise alloyed. Our 
helpful technical book, “Molybdenum,” goes into the 
subject at considerable length. Yours for the asking 
—as is also our periodical news-sheet, “The Moly 
Matrix.” If interested in some particular ferrous prob- 
lem, our laboratory facilities are at your disposal. 


CLIMAX MOLYBDENUM COMPANY, 500 FIFTH AVENUE, NEW YORK CITY 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


NOLY 
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CUTS COSTS 


CREATES SALES 
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* 
will dig into your corrosion-resistance problem 


“Each application of corrosion-resistant metals presents an individual 
problem. We can make no blanket recommendation as best for all con- 
ditions of service. We can and do maintaina staft of Technical Advisers, 
who are available for consultation. It is the duty of these men to study 
the problems presented by each individual application and to assist the 
x manufacturer or user to select a particular metal or alloy which should 
We have available for distribution give the best service and maximum economy. This Technical Advisory 


to interested manufacturers, metal- 


lurgists and production executives S€TVice, backed by the facilities of our Research Department, is avail- 


a few copies of the paper presented 


; ; - 
I - ) > S . ~ - . a 2c1¢C ¢ p S ¢ r 1. 
he ROA. Wilkine hefore the As, able to all users of corrosion-resistant metals in any forn 


M. E. for the Symposium on Cor- 
rosion-Resistant Metals. If you de- 
sire a copy of this paper, write our 


ve . ices. 230 Par “ 
Executive Offices, 230 Park Ay Vice-President in Charge of Research and Deve 
nue, New York. opment, Revere Copper and Brass Incorporates 


Revere Copper ad Brass 


FOUNDED BY INCORPORATED 


PAUL REVERE 


ax Executive Orrices: 230 Park Avenue, New York City . Mitts: BattTimore, Mp. : Taunton, Mass. 
New Beprorp, Mass. - Rome, N. Y. + Derrorr, Mick. + Cuicaco, Itt. + Sates Orrices 1N Principat Cities 
' 
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Continuous duty coil . 


Easily accessible mounting holes . . 
Large moulded arc deflectors..... 


Double-break 
tacts 


silver-to-silver 


Ss 6 2 88 2408 & & Bik S08 ae: DS Se 





Arranged for padlocking . 


Compensated overload relay. 


Ample wiring space, top and bottom. 


Overload relay reset from button in 
cover 


Push button in cover . . 


Smooth round corners 
No. 16 Gauge metal. 


‘ £ 2 & & se & 





;— starters are for use on 
polyphase squirrel cage motors or 
they can be used as primary con- 
tactors for wound rotor (slip- 
ring) motors in conjunction with 
suitable secondary rheostats. 


They are available in several 
forms including, Fusible or Un- 
fused disconnect switch, hand-off- 
automatic switch in cover. Enclo- 
sures for general purpose, Dust- 
tight, watertight and Oil Im- 
mersed. 


Monitor builds standard con- 
trollers, starters and accessories 
—and custom-built apparatus for 
any electric motor control prob- 
lem, no matter how complex. 
Monitor sales engineers in prin- 
cipal cities will gladly consult 
with you. Write us. 





DECEMBER, 1936 





When You Buy Monitor 











W uen you buy Monitor you buy a starter with almost a half-century 


of engineering experience behind it. 


Monitor starters not only incorporate such 


exclusive features as listed herein but are built of the best possible materials 
each especially suited for its particular purpose. A comparison of the outstanding 
features, construction and materials used in a Monitor starter gives reason for 
its unprecedented success—why it is specified and demanded by most engineers. 


Note These Advantages 


1. Thermal overload Relay has com- 
pensating feature so that wide 
variations in ambient temperatures 
do not affect its operating charac- 
teristics. Thus the same positive 
protection is provided at all times 
and under all conditions. This is 
an exclusive Monitor feature. 


2. Heater elements can be changed 
quickly to take care of any load 
condition within the range of the 
starter. 


3. Automatic reset relay, chatter- 
proof operation. Manual reset re- 
lay externally operated. 


4. Double break, pure silver-to-silver 
contacts of liberal size, used 
throughout. 


5. 


ii. 


Large moulded arc deflectors in- 
sure long life to contacts. 


Start and Stop-reset push buttons 
mounted in cover of cabinet. 


Low temperature rise magnet 
coils of ample size wound for con- 
tinuous duty. 


Mounting holes in back of box ac- 
cessible without disturbing starter. 
Ample wiring space inside of 
cabinet. 


Thumb lever latch on cabinet with 
provisions for padlocking. 


Cabinet built of No. 16 gauge cold 
rolled steel with smooth rounded 
corners. 


MonitorControllerCompany 


Gay, Lombard & Frederick Sts. 
BALTIMORE, MARYLAND 











CRAMP ALLOYS 


SUPER-STRENGTH BRONZE 


Tensile Strength ........... 110,000 Ibs. per sq. in., minimum 
, 55,000 Ibs. per sq. in., minimum 
er 10% in 2 inches, minimum 


Recommended for heavy duty slow moving loads or for parts 
requiring great strength. 


P-M-G METAL 


Tensile Strength ............ 45,000 Ibs. per sq. in., minimum 
Viel@ Potmt .............5. 22,000 Ibs. per sq. in., minimum 
CE Gibekbawcwns ena 15% in 2 inches, minimum 


A silicon bronze containing no tin—recommended for high 
contact speeds, medium to heavy loads and resistance to a 
number of acids. 


ELFUR IRON 


Tensile Strength ............ up to 55,000 lbs. per square inch 
Brinell Hardness .......... up to 400 


A group of Electric Furnace alloys. containing chromium, 


molybdenum, copper and nickel. Excellent wearing qualities, 
good acid resistance, high strength. 


Folders containing complete information on the above metals 
and their various uses are available for distribution. We will 
be pleased to send you copies of each or all of these—also, 
if you wish, the complete reference catalog of Cramp’s Alloys 
of Brass, Bronze and Iron. Fill in the coupon below and 
mail at once. 


CRAMP BRASS & IRON FOUNDRIES CO. 


Paschall Station 
PHILADELPHIA, PA. 


ee ee ee eee ee ee ee ee ee a 


) CRAMP BRASS & IRON FOUNDRIES CO., Paschall Station, Philadelphia, Pa. 
7 Gentlemen :— 

j Kindly send me bulletins on (please check those desired) (1 Super-Strength Bronze, [ 
1: Metal, () Elfur Iron, © your complete reference catalog for engineering purposes. 

§ NAME . .. TITLE. . 

: COMPANY) 

§ STREET 

. 

@ city .. ae STATE 
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Physical Properties | 
Applications 
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ANNOUNCING 


CASTINGS FORGINGS 


RODS and SHAPES 


CRAMP 


BRASS AND IRON FOUNDRIES COMPANY 








‘cons 


frass Lronie. Tron 


ALLOYS =m 


| 


38 


+ PRODUCT ENGINEERING 























ed 
ie 


THE , TOO, MUST BE 


IIE name of the Barnes 

Drill Co. is one of the blue 
book names of American In- 
dustry. The durability and 
speed of their drills are the 
production allies of business, 
large and small. 

The gang drilling machines 
shown are designed to handle 
tough production, fast. Barnes 
Drill Co. engineers specify 
BCA ball bearings because of 
their dependability at high 
speeds—and because they 
stand up under hard driving. 
These bearings are manufac- 
tured with utmost precision 
from high quality heat-treated 
chrome alloy steel. They play 
an important part in Barnes 


drill performance. 


















Both the radial bearing and the thrust 
bearing shown are types which we are 
supplying regularly to Barnes Drill Com- 
pany for use in their Hydram and Pro- 
duction Gang Drilling Machines. 

One of our engineers will be glad to 
show you how BCA bearings may effect 
production economies or product improve- 
ment for you. BEARINGS COMPANY 
OF AMERICA, 511 HARRISBURG 
AVENUE, LANCASTER, PENNA. 


BCA 


RADIAL > THRUST * ANGULAR CONTACT 


BALL BEARINGS 
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4 TOP RUBBER — It’s tension rubber with 


extra “give” created so that Gilmers instantly flex to 


fit any groove perfectly — but tough enough so that 
Gilmers ride right without sinking too far. The moment 
flexing starts Gilmer straight sides bulge evenly, lock- 
ing the sidewalls in a slipless power-grip. Gilmers elimi- 
nate “misfits” that cripple efficiency. Gilmers always 
are wedged to work. 


2 PULLING CORDS — namerous plies of 


tremendously strong, small-diameter cords carry the 
load. Each cord carries its share. The cords are locked 
in rugged bonding rubber, making it possible to in- 
crease the number of plies—the pulling power of the 
belt—and concentrate great strength in athin pulling sec- 
tion, thus increasing flexibility. Gilmer’s patented con- 
struction keeps these plies in a permanent horizontal 
plane and makes it impossible for them to pull apart 
under heavy loads. 


3 BOTTOM RUBBER — Brute - strength 


rubber, developed after many tests, supports the Gilmer 
pulling cords in a parallel plane, no matter how heavy 
the load. This special rubber is heat-resisting. Gilmer 
makes high speeds possible, because Gilmer V-Belts 
run cool. 






Lick multiple-drive problems 
with Gilmer’s “Fighting Five” 


Features Distinguish a Gilmer V- Belt 


a DOUBLE JACKET — Gilmer uses two 


jackets and more than triples the wear you get. These 
twin jackets protect the working parts of Gilmer V-Belts 
from oil, grease, and dirt. The thin film of flexible rub- 
ber between the two jackets distributes the wear evenly 
and prevents worn spots at any one point. 


5S CONTROLLED STRETCH — Every 


Gilmer V-Belt is pre-tested for stretch under maximum 
load, and built to insure the correct length at full work- 
ing tension. Gilmer V-Belts on multiple drives match 
perfectly and permanently in operation. 


Gilmer Single Strand 
V-Belts insure noiseless 
operation on fractional 
drives —in refrigerators, 
oil burners, washing ma- 
chines, ete. 





Gilmer, the oldest firm of rubber belt specialists, offers 
you FREE engineering service, to help solve your par- 
ticular V-drive problems. May we help — TODAY ? 


L. H. GILMER COMPANY, Tacony, Philadelphia 
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EATS IN ANOTHER RESTAURANT 


T’S an old quip. . . about the restaurant 
I proprietor who steps out for his lunch. But 
its implication is deadly—he doesn’t eat his 
own food. 

We manufacture motors. We also manu- 
facture the most diversified line of machinery 
of any company on the American continent, 
and that machinery is driven by the motors 


that we build .. . by Allis-Chalmers motors. 






The Allis-Chalmers 
Mfg. Co. builds 
standard motors of 
everytypefrom1 hp. 
up—also motors for 
specialapplications 


MOTOR DIEVIESILIEON 


All the engineering skill and ability that 
have gone into the development of that vast 
and distinguished line of mechanical and 
electrical machinery have contributed to the 
development of Allis-Chalmers Motors; for our 
policy is one of undivided responsibility and 
the highly specialized knowledge and experi- 
ence of every department is exchanged with 
that of every other department where it may 
have any bearing. It is from this wide and 
varied background that we designed and 
developed Allis-Chalmers Motors specifically 
for industrial application. 

Allis-Chalmers Motors excel because they 
are the sturdiest motors on the market today — 
bar none. And they are the most profitable 
motor buy on the market today—bar none, 
because their great mechanical and electrical 
strength reduces maintenance costs to the 
minimum and extends their life beyond that 
of all less sturdily constructed motors. 
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“What we want more than fastening economy 


is the BEST POSSIBLE ASSEMBLY JOB” 


“HOOVER” was able to get BOTH — 
A Parker-Kalon Assembly Engineer proved it could be done! 


« 


NSISTENCE on quality is clearly evident in the 

new “HOOVER”. One look at this modern cleaner 
and you know that the engineers in The Hoover 
Company meant what they told a Parker-Kalon 
Assembly Engineer .. . “we want the best possible 
assembly job: fastening economy comes second 
here’. The five important assemblies shown are 
being made with Parker-Kalon Hardened Self-tap- 
ping Serews only because it was possible to prove 
conclusively that they would make stronger fasten- 
ings. as well as reduce time, work and costs. 


Famous for the economies they effect in making 
fastenings to metal and plastics, Parker-Kalon Hard- 
ened Self-tapping Screws are often overlooked when 
the prime consideration is security. Yet it is a fact 
... proved by scores of concerns like HOOVER and 
by unbiased laboratories that these unique 
Screws hold more securely than machine screws. bolts 
and nuts, and similar ordinary fasteners. They do 
a better job in addition to saving time, labor 
and money by simplifying fastening jobs. 


Use this specialized know'edge 
to determine what you can gain 


Right now your assembly work probably holds worth- 
while opportunities for using Self-tapping Screws 
to make better, stronger fastenings at lower cost. 
It will pay you to hunt them out. And it is easy to 
do... if you use the specialized knowledge of Parker- 
Kalon Assembly Engineers. 


Cp 





» Parker-Kalon Hardened Self-tapping Screws are used to hold molded plastic handle locator 
‘to molded electrical receptacle in handle tube; to hold molded plastic bearing head to 
molded plastic motor case body; to hold metal light reflector to molded motor case; to hold 
fibre insulator in electrical plug; to hold metal ventilating duct cover in molded motor hood; 


A HARDENED SELF-TAPPING SCREW FOR EVERY KIND OF ASSEMBLY 









Your invitation will bring one of these Engineers to 
go over your fastening jobs with you. He will offer 
no “cure-all”. A background of practical assembly 
work fits him to render intelligent aid. And _ his 
specialized knowledge enables him to recognize the 
many different tvpes of assemblies which Hardened 
Self-tapping Screws WILL make better and cheaper. 
Because in 7 out of 10 cases he has helped production 
and design men to obtain desirable benefits, there is 
an excellent chance that he can help you, too. 


PARKER-KALON CORPORATION 
196 Varick Street New York, N. Y. 


PARKER-KALON VZodsiz: FASTENING DEVICES 


Y7, 
i aa 
Gs 


SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS 


# PRODUCT ENGINEERING 











D 





Electrical Appliances for 


Residential Use Require 
PAGE ALLEGHENY STAINLESS STEEL WIRE 








@ In the ever-growing industry which 
supplies electrical conveniences for the 
home, stainless steel wire finds a most 


popular application. 


a Resistance to moisture, to 
Business 


Sor Your 
© Safety 


heat, to food acids and alka- 
lies makes this material an 


outstanding success. Of all 


metals or alloys the most completely proof 
against food tarnishing is stainless steel. 
It never taints nor corrodes. Cleans easier 
and retains its high polish longer. 

For all purposes where resistance to 
such influences is an advantage specify 
Page Allegheny Stainless Steel Wire. 


Consult our engineers. 


PAGE STEEL & WIRE DIVISION OF AMERICAN CHAIN COMPANY, Inc. 


MONESSEN, PENNSYLVANIA 
District Offices: New York, Pittsburgh, Atlanta, Chicago and San Francisco 


PAGE ALLEGHENY STAINLESS STEEL WIRE 
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The SIL-FOS — HANDY FLUX 
combination solved the problem 
of joining the 6 leads to this coil 
in whic conductivity was an 
important factor. 





pesifft 








PERMANENCE 





From a service standpoint, a piece of electrical 
equipment is no better than its structural and 
current-carrying joints. Above all, therefore, you 
want joints capable of withstanding shock, vibra- 
tion and wide temperature changes, joints as 
permanent as the metals themselves. 


In non-ferrous metals, SIL-FOS, the low-tempera- 
ture brazing alloy, assures you of such joints. 
Because it flows freely and penetrates deeply at 
the low temperature of 1300° F., it avoids the 
detrimental effects of higher temperatures on 
physical properties of metals and gives strength 
and ductility at low cost per joint. Furthermore, 
SIL-FOS makes joints high in conductivity and is, 
therefore, particularly desirable for joining cur- 
rent-carrying parts. 


Likewise, if joints are to be made in steel, iron, 
stainless steel and iron, Monel Metal, nickel, 
copper-nickel and chrome-nickel alloys, EASY- 
FLO (free-flowing at 1175° F.) gives you the 
same advantages. 


Wherever a brazed joint is used in your designs, 
consider using SIL-FOS or EASY-FLO, as the 
metals or conditions may require. 


Full details about SIL-FOS, EASY-FLO and their 
low temperature team-mate HANDY FLUX will 
be sent on request. Write for them. 


LET US HELP YOU 


The benefit of our long experience 
with all kinds of silver brazing is 
always at your service. Send us 
details of your work—or if prac- 
tical, sample parts. We'll be glad 
to offer recommendations. 


HANDY AND HARMAN 22bfulton St..New York 
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OW, the heat of the welding arc can be varied -as 
to type as well as to intensity...tuned for every job 
to give maximum speed and quality everytime. 


The new “Shield-Arc SAE” Welder with its Dual Con- 


tinuous Control makes possible this new-found accuracy 


and convenience. 


With a twist of the wrist, the welder can “set” the Job 
Selector and Current Control of this new machine to get 
the ideal arc for each and every requirement. He can get 
an arc for high-speed deposit on beveled plates ...a deeply 
penetrating arc for heavy butt joints...a short, forceful arc 
for overhead work ...a flexible arc for work in the wind— 
in fact, any kind of arc independent of the welding current. 


Acquaint yourself with this Lincoln development that 
puts welding years ahead. The coupon will bring you a 
book giving full details. THE LINCOLN ELECTRIC 
COMPANY, Dept. D -317, Cleveland, Ohio. Largest 
Manufacturers of Arc Welding Equipment in the World. 


o\ tunes in top SPEED 
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JOB SELECTOR—A continuous adjust- CURRENT CONTROL— A continuous 
ment which gives any type of arc to suit adjustment which varies the arc intensity 
the job. to suit the job. 


ia 


Uv") CONTROL 
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THE LINCOLN ELECTRIC CO. 
Dept. D -317, Cleveland, Ohio 


Please send a copy of the new publication, “The 
New Arc Welding Technique,” to— 


Name 


Position 


Company 





Por aircraft pulleys, over which pass vital airplane control cables 
and where failure might mean disaster, the choice of the leaders 
is Plastics by Durite. For such important pulleys Durite High 
Impact Molding Material has passed stringent Army and Navy 
tests and has been adopted for use in their planes. Commercial 
transport companies likewise specify that their aircraft pulleys 
be molded of Durite. 


Though this is high tribute in itself it is but one of the thousands 
of applications where Durite Plastics have been the specified choice 
of leading companies for many years. If you have never had occa- 
sion to learn of their advantages, write and ask about these unusual 
Plastics by Durite, the exclusive producers of phenol-furfural resins. 


Wastes by- 
DURIT 


MARK 
REG 








Molded by Molded Insulation Company, Philadelphia, Pa. — 








FLANGE MOUNTINGS 
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PILLOW 
BLOCKS 


—E C PILLOW 
BLOCKS 


UNIT TYPE PILLOW 
BLOCKS 


BALL AND SOCKET 
PILLOW BLOCKS 


.. AND IN TUNE WITH PRODUCT AND 
PLANT MODERNIZATION NEEDS 


The new CJ B Transmission Units not only represent the most complete line offered 
by any manufacturer, but in addition one which embodies the only noteworthy im- 
provements within the last two decades! 


Imagine, for example, the advantages of being able to select from three distinct types 
of Pillow Blocks any one of nine different capacities for a given shaft size. This un- 
usually wide range of capacities and types (see above) together with many other new 
and revolutionary features makes the CJ B line the logical one to consider in your 
plant or product modernization programs. 

Complete stock now carried by our 28 branches. Write for Catalog and address of 
nearest branch, 


AHLBERG BEARING COMPANY 


317 East 29th Street Chicago, Illinois 


WRITE FOR YOUR COPY 


Here is one of the most complete (and help- 
ful) catalogs (ever) published on power 
transmission equipment. Every engineer 
and maintenance executive should have 
one on file. Write for your copy today. 














Cltz PRODUCT 
TO COUNT 


The more services a product can perform—the more 
salable it naturally becomes. Products that can think 
for themselves—add, count, make permanent records— 
have a big edge over competition lacking the advantages 
of a built-in counting device. 






Can your product count—remember? Bank vaults can. 

So can duplicating machines, cameras, elevators, trucks, 
S 

typewriters—yes, even machine guns. 





The way to discover whether a built-in Counter can im- 
prove the utility and sales of your product is to experi- 
ment. That is how many of the most profitable counter 
applications have been made. To make your product 
count—Veeder-Root offers the experience and facilities 
of the world’s largest counter-building company. Write. 


R-ROOT Lue. 


ax >, 
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HARTFORD, CONN. 


Offices in Boston, Chicago, Cincinnati, Cleveland, 
Detroit, Greenville, S. C., Los Angeles, New York, 
Philadelphia, Pittsburgh, St. Louis, San Francisco, 


Montreal, Can., Buenos Aires, Mexico City, London, 





Paris, Tokio, Shanghai, Melbourne. 
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NEW ALEMITE DRIVE FITTING 
---MAKES ITS OWN THREADS!:-- 


He lore Tapping: 


Will Save Thousands of Dollars for Manufacturers ! 








ERE is a brand new Alemite Hydraulic Fitting 

which makes its own thread when driven into 

a 34” hole. The time and cost of tapping operations 

are entirely eliminated. Yet these new Alemite 

Threaded Drive Fittings are offered at no increase 
in price over standard Alemite Fittings. 

As the Alemite Threaded Drive Fitting is driven, 

a swedging action takes place, similar to that of 

rolling an internal thread, causing the metal to flow. 





The correct thread is formed in the hole, so that the 







yi the fitting may be unscrewed at any time. If replace- 
@ Just a i / , 


the fitting 





ment is ever necessary, any standard '4” P.T. fitting 
can be screwed into the hole. 


Alemite Threaded Drive Fittings are available 
in four types. All are cyanide-hardened and can be 
driven into any steel that can be tapped; also into 
aluminum, aluminum alloys, malleable iron, steel 
castings and forgings. These fittings may be easily 
driven by power hammers, arbor presses, screw 
presses, or by hand tools. All necessary drive tools 
for power and manual application are available. 


They are standard on many 1937 automobiles. 
Get all the facts and see how much they can save you. 


Mail the coupon today! 


ALEMITE—4 Division of Stewart-Warner Corp’n. 
1808 Diversey Parkway, Chicago, Illinois 
6050 Cass Avenue Detroit, Michigan 
Stewart -Warner-Alemite Corp’n. of Canada, Ltd., Belleville, Ont. 
» » » 


Enjoy Horace Heidt and his Alemite Brigadiers every Monday evening, 
CBS Coast-to-Coast Network. See local papers for time of broadcast. 


FOSS SSSSSSSSSSaeaeenaeg 





; ALEMITE—A Division of Stewart-Warner Corp'n. Dept. I ! 
g 1808 Diversey Parkway, Chicago, Illinois : 
§ Please let me have full information on the new Alemite Hydrau- § 
; lic Threaded Drive Fittings. it 
4 ' 
§ Name 1 
; 1 
REG. U. S, PAT. OFF ree : 
‘ ' 
a 
WORLD’S LARGEST MANUFACTURERS - oe ! 
; + 
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DIAMOND 


Vulcanized Fibre 
is a TOUGH material 








Use PULLMORE 
CLUTCHES 


for HEAVY LOADS, 24 HOUR SERVICE 





Ilustrated is a Howell Industrial Truck in which 
a single type Pullmore Clutch, operating dry, is 
used to raise and lower the load. In many of 








‘ 


Pullmore Clutches are made in single 
and double types, for operation in 
oil or dry, in capacities up to 7E hp 


Send for 


these trucks Pullmore Clutches are subjected to 
heavy loads, hard service 24 hours a day; and 
it hasn't been necessary to replace a Pullmore in 
the several years of Howell experience. If you 
manufacture trucks, cranes, machine tools; or 
similar equipment—use Pullmore Clutches, they 
are reliable, efficient, durable, economical. In- 


CONTINENTAL DIAMOND 
FIBRE COMPANY 


NEWARK, DELAWARE 


bO0000008 
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DIAMOND Vulcanized Fibre—practically indis- 
pensable to the electrical industrv—is called 
upon to stand up under the toughest kind of 
punishment in every industry. It withstands the 
pounding wheels of speeding railroad cars; the 
smashing blows of punch or die-press. It has 
good electrical insulating properties. It is truly 
amazing to know how completely adaptable it is 
to practically all machining and forming 
operations. 


Its widespread use by industry for practically 
every type of insulating part is a result of its 
unusual combination of desirable properties. 
Great mechanical strength, high dielectric prop- 
erties, and adaptability. 


This is one 
of the most 
interesting 
books 

on the 
production 
and use of 
Vulcanized 
Fibre 

ever 
published. 
Send for 


a copy 
today. 





N E W B oo k | et vestigate. Write today for complete information. 


ROCKFORD DRILLING MACHINE DIVISION 


Borg-Warner Corporation, 209 Catherine Street, Rockford, Illinois 
Sold by MORSE CHAIN CO., Ithaca, N. Y. With offices in principal cities 














Unbreakable Body. 


Oil feed adjustment with 
shut-off switch. 


Sight glass in shank to 
— oil feed to proper 
volume. 


Self-closing hinge cover 
for easy filling. 


—a#S BRO$§$ 


MANUFACTURING CO. 
1859S. Kilbourn Ave. CHICAGO 
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Send for GITS Oiler Chart 
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When extra (zpaclly 
Load COUNTS.... 


count on HYATT ° 


Unseen, unheeded, these high- 








capacity bearings handle their ap- 
pointed tasks silently, smoothly, 
efficiently. Years of hard service in 
all types of equipment, under all 
kinds of conditions, do not lessen 
their original accuracy, strength, or 
performance. Hyatt Roller Bearing 
Co., Newark, Detroit, Chicago, Pitts- 


burgh, San Francisco. 








In the drop-board hammers built by the 
CHAMBERSBURG ENGINEERING 
COMPANY of Chambersburg, Pa., ten 


Hyatt Roller Bearings are employed. 





Another tough assignment that proves 
the unfailing dependability and efficient 
operation of Hyatts in all kinds of in- 


dustrial equipment. 
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HEAT- TREATING of these Chrome- Molybde- 
num screws is governed by the size and style of 
screws comprising each lot. Samples of each heat of 
/ screws are tested on the Rockwell machine; each lot 
‘ approved must register a hardness varying not more 
/ than plus or minus 4 points on the C Rockwell scale... 


/ Every property of Allen screws is instrument-tested, 


critically checked to a standard we'd like you to sample. 


THE ALLEN MEG. COMPANY > £2222082. Cow. U.S.4. 














TQ YEARS of springmaking 
have taught 


Rsymond has 
worked with many 
developers of new 
and reaesigne 
mechanisms to get 
Sst the right spring 
for the desire 
motion. 
g materials 


standard = sprin | 
rol aL 


re 
ce in quantity 
= Tamarack 

ccurately as YOU . 


END BY STANDARDIZING fe) 


en? 
ality SPRINGS 


RAYMOND MFG. CO: 


require. 


meneame 4 Street 
























—compact 

—self-contained 

—save expensive 
power take-off 


3 sizes of Geared Motorpumps — 
Nos. 101-102-103. 2 sizes of Cen- 
trifugal Motorpumps—Nos. 204-210. 
May we send data, performance, 
etc.? @, 








Brown & Sharpe 
Mfg. Co 
Providence, R. |. 
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... down your friction losses 


The life of your machinery and your power trans- 
mission equipment depends in large measure on 
the quality of the anti-friction bearings used. Fafnir 
Ball Bearings, made from tough, special-formula 
steel, are machined, ground and polished to ex- 
ceedingly close tolerances. To the user, Fafnir’s 
accurate deep-race contours 
and surfaces mean few replace- 
ments and low maintenance 
costs—for the meticulous 
attention to detail so charac- 
teristic of Fafnir workmanship 
pays extra dividends in the 


long run. 





The correct ball bearing for each job will do more 
than any one other thing to minimize power losses 
in machinery. The right Fafnir makes possible 
full utilization of the productive capacity of 
plant or machine. Fafnir engineers, with a quar- 
ter century of service behind them, will help 
you to select this right type. 
. .. The Fafnir Bearing Com- 
pany, New Britain, Connecti- 
cut... . Atlanta . . . Chicago 
- - - Cleveland ... Dallas... 
Detroit . . . Kansas City . . . Los 
Angeles ... New York... 


Philadelphia . . . Seattle. 


Machining, one of the 77 operations in the manufac- 
ture of Fafnir Ball Bearings, of which the Grease- 


Shield Bearing is a representative type. 


~ FAF 


B A ' 4 L B 


_ 


yes 


y. t | N G Ss 
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FLAT SURFACED EXPANDED STEEL SHEETS » 


OFFERS NEW OPPORTUNITIES 
FOR INCREASING PROFITS 


@ Every day, designing engineers are im- 
proving present products and developing 
new money-making items with this new 
flat expanded metal mesh. Shelf-X is 
available in a variety of sizes and gauges. 
It has a smooth, flat surface; it is rigid; 
it cannot unravel, and has many other 
advantages that you will immediately 
recognize. Simply mail the coupon and 
a free sample of Shelf-X will be sent to 
you promptly. 


UNITED STATES GYPSUM COMPANY PE-12-36 
Steel Products Division 

300 West Adams Street, Chicago, Illinois 

Gentlemen: 


Please send me a free sample of Shelf-X Flat Steel Sheets. 
Also send me literature on Shelf-X and USG Expanded Metal. 


I am interested in Shelf-X for the following uses: 


Name 
Title 


Company 


U, S City , State 


UNITED STATES GYPSUM COMPANY 




















| a 
BIMETAL 


USED 
a 


IN THE 


BRYANT 


GAS-FIRED " 


UNIT HEATER 


THE BRYANT HEATER 
ANDO MANUFACTURING Co. 


When ‘‘Bryant”’ and so many 
other leading manufacturers, 
whose products have such : 
an enviable reputation for : 
service and economy, adopt 
Chace Thermostatic Bimetal 
as standard, there must be 
some very good reasons. 3 


If your product calls for 3 
reliable, automatic action 
at a given temperature, use 3 
Chace Thermostatic Bimetal. : 
Sold in sheets, in strips : 
or formed for assembly. 


W. M. CHACE CO. 


1607 Beard Avenue - - - Detroit Mich. 
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Say “SYLPHON” for 1 


PERMANENT... TROUBLE-FREE 
PRODUCT SERVICE 







\ 


Sylphon Bellows are unique 
machine parts that present 
an entirely new concep- 
tion of metals’ versatility. A 
seamless, jointless, metal 
diaphragm that provides the 
permanence of metal while 
supplying the necessary flex- 
ibility for such services as 
thermostat members, pres- 
sure diaphragms, expansion 
joints, shock dampeners, ex- 
pansion chambers, dust guards, pack- 
less glands, flexible seals. 


WU 
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Originated and pioneered by this com- 
pany over 35 years ago, this bellows 
has been the subject of more research 
and development than any other prod- 
uct of its kind in existence. Time tested 
beyond doubt in the products of the 
leaders, its quality isa known quantity. 


Find out how a Sylphon Bellows can 
: improve your products... howit may 
: simplify your manufacturing and serv- 
: icing problems. Write for bulletin XP- 
: 121 today. 


re » FS 
cep 


PACKLESS VALVE GLAND 





KNOXVILLE. TENN.,.U.S.A. 





METAL BELLOWS 


WUNNUNATNNAT ETAT 





FULTON SYLPHON (0. 
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Schematic section of a typical CUNO FILTER showing 
direction of flow. Your substance enters the filter case 
and passes under gravity, pressure or suction head threugh 
the closely spaced filtering discs which catch the suspended 
solids. Then, rotation of the entire element, either manual 
or mechanical, against the stationary cleaning blades, combs 
out the filter and drops the unwanted substance to the 
ample sump below. The filtered and cleaned substance 
rises through the interior of the cartridges and passes out 
through the outlet indicated. 


CUNO AutoKleanFILTERS 
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at the Briggs Manufacturing Company 
plant in Detroit, handling 10 Auto body 
colors with CUNO FILTERS doing their 


Yow 






Modern auto finish practice, with the relentless demand of peak pro- 
duction schedules, cannot temporize with the “stop-and-go” performance 
of inefficient straining. CUNO Continuously Cleanable, edge straining 
has definitely solved the costly problem of uninterrupted straining of 
body lacquers and provided faultless results. 


But, the maintenance of high pressure production schedules on auto- 
mobile body finishes is only a fractional picture of the CUNO FILTER 
story. Today, many manufacturers of shop equipment and machine 
tools of every description include CUNO Continuously Cleanable 
FILTERS as standard equipment on their machines. Also the fore- 
most producers of Diesel Engines, Oil Burners and Aeronautical motors 
look to CUNO confidently for freedom from trouble with fuel and 
lubricating oils. 

So, when you design for the faultless, uninterrupted flow of any 
liquid and for fuel and lubricating functions,—be sure you provide the 
one, certain straining performance —continuously cleanable—that CUNO 
FILTERS guarantee. Their operation may be either manual or fully 
automatic, but either way you will provide a positive, dependable, clean 
flow of process liquid, fuel or lubricant supply which kills the waste- 
ful disadvantage of “stop-and-go” straining methods or premature wear 
and even machine failure. 


Design engineers are invited to write for complete information and 
technical data. Use the convenient coupon below. 





(ERR RE REE ER EEE ERE REE EEE EEE EEE EERE EERE EEE ES 
CUNO ENGINEERING CORP 
Dept. 120, 690 So. Vine St., Meriden, Conn. 


Gentlemen: Please send me bulletin of CUNO FILTERS 
for service or 


Name 
Company 
Address 


City State 





. 
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MOTORS FOR 


—OR WHAT HAVE YOU 


If you make stokers, you know how R & M 
motors stand in that field. But it doesn’t matter 
what you make—if it’s powered by electric 
motors the chances are that R & M has some- 


thing to contribute. 


R & M motors are used by leading manufac- 
turers of all types of electric appliances—have 
been for more than forty years. The service 
delivered by these motors makes good appli- 
ances better. And the reputation of the R& M 


name, consistently advertised to the public, 


helps your agents or dealers to sell your | 


product. 


R & M experience is at your service. Con- 
sult America’s motor specialists — we'll be 
. . Robbins & Myers, 


Springfield, Ohio; Brantford, Ontario. 


HOB BIH: MYERS 


FANS e MOTORS e HOISTS e CRANES e FOUNDED 1878 


glad to cooperate. 
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SUCCESS OF YOUR PRODUCT 
...+ OUR PRINCIPAL CONCERN 


The sincere interest of our organization in the successful 
operation of its customers mechanical developments is what 
has caused industry to more and more prefer Bantam Ball and 
Roller Bearings. 

Of course, this interest had to be backed up by the ability to 
solve the bearing problem and in many cases do what others 
sy not been — to accomplish. That, 
or instance, is why 95° of the automobiles ie We: 
built use Bantam Roller Bearings. Also BANTAM 
why practically all Diesel Motors use them. 

Every designing engineer in the country BALL THRUST 
should have a copy of our new catalog. It 
shows a comprehensive picture of the bear- 
ings which are saving money for manufac- BEARINGS 
turers of small and large machinery. Send 


TODAY! aim & 1 
THE BANTAM CEQ 
BALL BEARING CO. 4... 


SOUTH BEND, IND. 


ROLLER THRUST } 
JOURNAL ROLLER 





4, 


| & TAKE YOUR TOUGHEST BEARING JOB TO BANTAM 











If your product 
uses heat, give it the 
extra sales appeal of 


CHROMALOX 


ELECTRIC HEATING UNITS 


Sixty valuable pages of | Many buyers wisely judge the quality 
electric heat information a fs 
which should be on file Of a product by the reputation of its 
and instantly available to 
every designing engineer 
and executive. Many habit—equip your product with Chroma- 
thousands of these Chro- . i eS 
malox books have been lox heating units and insure the depend- 
distributed—‘f you haven't 
one, a simple request on ; 
your business letterhead ance which marks the quality product— 
will bring it immediately. 


heating unit. Cash in on this buying 


able, economical, trouble-proof perform- 


and builds sales. . .. Chromalox units are 
made in all forms, types, capacities to 
electrically heat anything up to 1000 
deg. F.... Use the cooperation of the 
Wiegand engineering staff in redesigning 
_ your product for electric heat, greater 
| beauty, more dependable operation, 
lower manufacturing cost. This experi- 
enced cooperation is yours for the ask- 


Bing. Write us, giving details of your 
rough sketch 
ol ale me [tag] on 


om EDWIN L. WIEGAND CO. 


problem 7535 Thomas Blvd. Pittsburgh, Pa. 


problem. 
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e Youre proud of your product. You employ 
the finest materials—the most expert workman: 


by 4 single loose connection. There’s 4 hake- 
proof Lock Washer for any tyPe of bolt, nut OF 
screw — flat or countersunk ead— as well as 
locking terminals for electrical connections. No 
matter what the service, OF how severe the vibra- 
tion, you ©4" depend on Shakeproot’s Triple- 
Action Lock to keep all connections permanently 
tight. Shakeproof utilizes not one, but THREE 
@) er Strut- Action, 


Shakeproot: with its rapered-twisted teeth, can 
ive you this positives t pration-defying triple: 
Practele! lock. 

TEST SHAKEPROOF NOW! 
Check our claims for sensational, permanent lock- 


ing performanct by sending for 
Examine rants exclusive capered-twisted rooth 









It’s the tapered-twi = 
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See how the draftsmen save 25% 

to 40%, of drafting time by using 
the Bruning Drafter—and do 
a better, more accurate job, too. 
Made in standard and civil 
engineers’ models — leading 
machine of its kind. 


° 
Now notice the pencil. It’s 
the Mars-Lumograph, with 
unique ability to make a line that 
approaches an inkline in printing 
effectiveness. Think of the 
enormous amount of ink tracing 
this eliminates! 


* 
Don’t overlook the paper, either. 
It is Vellux, one of the famous 
Bruning vellums, that never dis- 
colors with age, erases perfectly, 
never grows brittle or cracks. It 
costs no more to have permanent 
protection for valuable tracings. 
e 


Here you see Bruning Black and | 
White (black line) prints being | 
made directly from the tracing. | 
A simple BW Developing Ma- | 
chine develops the prints | 
instantaneously from paper ex- 
posed in the blue print machine 
—and BW Prints need no wash- 
ing or drying. BW is the ONE | 
completely satisfactory direct | 
printing process. | 


BRUN I o G une 1897 


The new Bruning catalog lists the complete Bruning line—contains 361 
pages of useful information on tracing papers and cloths—drawing 
material —sensitized papers — drafting room furniture — reproduction 
processes. This catalog is free to responsible persons who attach this 
coupon to their letterhead and list their title or position. 





CHARLES BRUNING CO., : Ae ~d 
102 Reade St., New York, N. 


Gentlemen: Please send me your catalog. My letterhead is 
attached. 
Vame 


Title 





Company 


{ddress iovias ts Z F “3 











NEW YORK ¢ CHICAGO e LOS ANGELES ¢ BOSTON 
DETROIT © HOUSTON e@ KANSAS CITY © MILWAUKEE 
NEWARK ¢ PITTSBURGH e¢ ST. LOUIS ¢ SAN FRANCISCO 
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In an industry as new as plastic molding where companies 
bloom and fade with startling rapidity, the records of cer- 
tain experienced companies stand out in strong relief. Such 
a company is Auburn Button Works. 60 years of experience 

a large, well equipped plant—a competent engineering 
staff—guarantee quality work at the lowest prices consistent 
with that quality. Our experience may mean the difference 
between an outstanding success or a mediocre job for you. 
Don’t take chances—Trvy Auburn first. 


Established 1876 


AUBURN BUTTON WORKS, Inc. 





AUBURN, N.Y. 








(with apologies to 


Believe It Or Not: “x/ecey) 















24 In. HIGH PRESSURE, 
IDLER DRIVE, 


BRONZE FITTED 











PUMPED OVER 500,O000,O00GALS. 
OF WATER DURING A IOYEAR PERIOD IN 
THE PLANT OF THE KANSAS CITY STAR. 


THE ROTOR AND IDLER WERE REPLACED BUT 
ONCE. THE PUMP GAVE CONTINUOUS SERVICE / 


VIKING PUMP CO. ceoar Fauts, iowa 
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BAKELITE MOLDED 


Amproves the New Hoover Cleaner 





HE recently announced 1936 
Hoover Cleaner is claimed to be 
“The first basically new cleaner in 
ten years’—and it looks the part. 
Designed by 
manner of today, its appearance is 


Henry Dreyfuss in the 


that of clean-cut, sturdy beauty. This 
fine appearance is due, in no small 
measure, to the lustrous dark gray 
Bakelite Molded motor hood which 
is a pleasing contrast to the light 
gray of the metal parts. 

But the motor hood is not the only 


Bakelite Molded part. In a total of 


fourteen essential parts of this ap- 
pliance, Bakelite Molded contributes 
improvements in appearance, user- 
BAKELITE COR 
BAKELITE CORPORATION OF 
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convenience, performance and dura- 





bility: as well as simplifications and 
economies in production. 

The Bakelite Molded parts of the 
new Hoover Cleaner vary in size from 


15 


158”x 1%46"x 1546”, to 978" x 558"x 414”, 


overall; and include features of 
electrical, mechanical and decorative 
design. Each part is completed in a 
single molding operation, with grooves 
and through-holes incorporated, and 
metal inserts firmly embedded. The 
permanent lustre imparted to all sur- 
faces by the mold, obviates finishing 
or polishing. 

These same advantageous charac- 
teristics of Bakelite Molded have 
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proved equally helpful to hundreds 


of other manufacturers of electrical 
and mechanical products. In addition 
to those named, Bakelite Molded 
possesses the combined merits of light 
“ eight, mechanical strength, electric 
and resistance to 


insulation value 


moisture, heat, abrasion, oil and 
chemicals. 

We invite you to call on us for 
cooperation in applying Bakelite 
Molded to improve your products, 
also, to write for our useful Booklet 
5M.“Bakelite Molded.” 
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reduces costs and 
improves quality of parts 








@ Union Cold Drawn Steel Bars promote 
smooth, trouble-free operation of automatic 
screw machines because they are straight 
and accurate to size and cross section. 

They save power, increase tool life and 
speed up parts production because of their 
improved machinability. 

They need no machining to obtain good 


finish because their surfaces are smooth 
and bright. 


They produce parts that are stronger and 
that wear longer because of their higher 
physical properties. 

These advantages are provided so economi- 
cally and the expense of manufacturing 
steel parts is so reduced that the final cost 
is minimized. 

Union Cold Drawn Steels are made in 


sizes, shapes and grades to meet all your 
requirements. 


UNION DRAWN STEEL CO. 
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MASSILLON, OHIO 


A Subsidiary of 
REPUBLIC STEEL CORP. 
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X-RAYS POINT TO 
THE PACKINGS 


where our X-ray thinking 
can cut your designing worries 





However simple or complex your machine—if it includes a 
packing, its lasting, efhcient operation depends on a correctly 
designed closure made of the material to the 
particular job it has to do. 


exactly suited 
Always ready to help you when your designs reach the packing 
point*, Graton & Knight engineers have a wealth of packing 
experience, and a wide variety of special leathers developed in 
the Home of Research for different packing jobs. 


This Packing Problem Stumped the Designer 





Plans for a machine that would be years ahead of its competitors 
were completed. Everything was ready for capturing the market 
except that the designer hadn’t investigated to see whether the 


proper packing was available. It wasn’t. Even to Graton & 
Knight, this problem (a packing of very unusual shape) at 
first seemed almost hopeless. But we were able to design the 


right packing, and the manufacturer was able to step out ahead 

of competition. 

P. S. It often saves plenty of money if you call in Graton & | 

Knight packing engineers while your design is in the early stages. | 
Write or wire your Packing Point* problem to Graton & Knight | 


*The point in any design where the 
choice of the right packing comes up. 


COMPANY &f - | 


357 FRANKLIN STREET te LO | 
WORCESTER, MASS. | 


Grating Success at the Packing Powrt 
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For an exacting interpretation of your 
bellows requirements, Bridgeport is in 
a position to offer you a unique service. 





Their highly-trained staff of specialists 
in bellows manufacture and application, 
is prepared to cooperate with your engi- 
neers, to determine the most successful 
bellows design and application to serve 
your particular requirements. 





Their complete control over each phase 
of manufacture . . . by exacting analysis 
and control of the alloys from the in- 
duction furnace to the finished seamless 
bellows . . . their individual inspection 
to rigid standards of quality and per- 
formance ... insures close adherence 
to your requirements as to dimensional 
limits and physical characteristics. 








Write for Bulletin LP. Bridgeport Ther- 
mostat Co., Inc., Bridgeport, Conn. 





For daily accuracy — 
connect moving parts 
of machinery with 
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e Conducts oil, gas 
and other fluids. 
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THE WEATHERHEAD CO. 


632 714 Frankfort Ave. * Cleveland, O. 
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UNIVEX 


Credited by Universal Camera Corp., largely to the 
light, compact, rugged aluminum cases with their 
remarkably beautiful and durable S-W Kem Art 
Metal Finishes. 

Costs? Univex finishers (H. S. Products Finish- 
ing Corp., Brooklyn, N. Y.) say, “Thanks to the 
S-W Finishing Engineers who developed these 
finishes right on the job, costs are way down 


and finishing schedules uninterrupted. The per- 


SNAP SALES 


S-W FINISHES 


Univex Sales have been sensational — millions! 


fect texture, levelling and hiding, the uniform baking, 
beauty and durability of Kem Art Metal Finishes en- 
ables us to turn out thousands of cases per hour— 
every one perfect!” 

Why not let the S-W Finishing Engineer and In- 
dustrial Color Service be your source of aid in 
snapping up sales and cutting costs on your 
product? No charge or obligation for this ser- 
vice. Write The Sherwin-Williams Co., Cleve- 


land, Ohio, and principal cities. 


SHERWIN - WILLIA MS FINISHES 
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®@ Rotor is dynamically balanced 
to eliminate vibration and noise 
arising therefrom. The number 


and the dimensions of rotor slots \ 
ap I 










0 


are carefully chosen to minimize 








magnetic noise. eo 


DYNAMICALLY BALANCED ROTORS \ a 


| \N 
@®Cork Thrust Washers lo- 
cated at both ends of the motor 
cushion the free-end movement 
of the rotor thereby preventing 
noise. 






4 


CORK THRUST WASHERS 


@ Steel-backed Babbitt-lined 
Bearings are diamond - bored 

to secure bearing clearances 

small enough to avoid any possi- “ 
bility of excessive play and at 
the same time have ample clear- 
ance to afford a liberal oil film 
between shaft and bearing. 


DIAMOND-BORED BEARINGS 


@ Resilient Mounting, inter- 
posed between motor frame and 
base, is made up of layers of 
rubber and steel vulcanized to- 
gether — is elastic enough to 
absorb the small amount of vi- 
bration remaining in the most 
carefully-designed motor. 


RESILIENT MOUNTING 


There are many other features of Wagner small 
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motors, contributing not only toward quiet operation, 
but toward such essentials as dependability, per- 
formance, simplicity, and appearance. These fea- 


tures are fully described in W igner Small Motor 
Bulletin 177, which will be sent upon request. 


Wagner Electric Corporation ™s*** 
6400 Plymouth Avenue. Samt Louis. USA 


Motors Transformers Fans Brakes 
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wa Nearly 60 years devoted to 
metal perforating. Our facilities 


and experience are your assur- 
b < » 4 ance of a satisfactory job. 
' We are prepared to furnish 
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these in all size sheets and in 
many stock  perforations—and 
can make Special Perforations 
to meet all needs. 
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Write us your problems 
and let us tell you what 
we have to offer. Metal 
sample plates on request 
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PERFORATING CO. 
165 York St. Rochester, N. Y. 
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This Lewellen Transmission and 
Automatic Electrical Control ap- 
plied to a Gisholt Simplematic 
Lathe, accurately maintains a con- 
stant cutting speed at the tool, 
both while traveling outwardly 
on the roughing cut, and on the 
return, or finishing cut. It is en- 
tirely automatic and requires no 
attention from the operator. This 
control pays 500°) per year on 
the investment. 















The Lewellen will solve your variable speed control problems 


and save you money. Lewellen engineers are at your service, 
to work with you and develop the correct application for your 
particular requirement. Give us the chanee, It will not 


obligate you in any way. 


LEWELLEN MFG. CO. 


COLUMBUS, IND. 
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"LASHES"! 


Miss Moderne inspired this exhibit! That her 
eye lashes might be properly curled, a curler 
was devised embodying these little springs. They 
are interesting examples of high initial coiling of 
American Steel and Wire Co. music wire gauge 
No. 6, coiled to .087 diameter. This diameter 
had to be closely maintained, and the loops bent 
to approximately an 80° angle. All in all, a tight 
little precision job. But doing precision jobs at 
a reasonable price is a distinguishing feature of 
"Peck Service." 


SEND FOR THE PECK CATALOG 


—a bookful of useful data on springs and screw 
machine parts. It's free. 


PECK SPRINGS 


AND SCREW MACHINE PARTS 
The Peck Spring Co., 14 Summit St., Plainville, Conn. 





An important requirement for accurate 


grinding is flexibility in controlling the 
speed of the grinder table. The Hill Clutch 
Machine & Foundry Company, realizing 
this fact, designed their 14’'0” Heavy Duty 
Surface Grinder (with magnetic chuck 


and tilting head) for Hele-Shaw Fluid 





LL SL bed 








Power operation. It is used in the plant 





of an outstanding manufacturer for grind- 


Hele-Shaw Fluid 


for intermittent drives .... 
TATE re INARI 


ing long shear knives. 











SINGLE 








REVOLUTION 
CLUTCH 


HIS intermittent drive 

clutch will engage or 
release on each or any 
number of revolutions. It 
operates with precision— 
no slip—a means to per- 
fect timing. 


For cutting stock to ex- 
tremely accurate lengths, 
the HILLIARD SINGLE 
REVOLUTION CLUTCH 
will improve the product 





of your machine whether 
it processes paper or steel. Clutch control may be made by an 
automatic stop actuated by the machine itself. 


Available in capacities from 4 to 220 H.P. @ 100 R.P.M., 
this clutch is ideal in both design and range for application to 
most modern equipment. 


Write for Bulletin 102-E. 


THE 
4iLLIARD 


Permit our specializ- 
ing experience of 
thirty years to select 
the best clutch adapt- 
able to your needs. 


Clutches for Every 


Purpose ELMIRA. N.Y. 


Friction—Over-Running—Single Revolution—Slip—Centrifugal 
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Power not only provides an infinite vari- 
ety of table speeds for grinding but many 
other advantages for many other in- 


dustrial design applications of variable 


or reversible linear or rotary motion. 


© 





Division: AMERICAN ENGINEERING COMPANY 
2501 Aramingo Avenue, Philadelphia, Penna. 





ABO HE HELE-SHAW 


luz d f-o wer 


A-E-CO Hele-Shaw Pumps, Motors and Transmissions 


Other Products: A-E-CO Taylor Stokers, A-E.CO Lo-Hed Mono- 
rail Electric Hoists, A-E-CO Marine and Yacht Auxiliaries 
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Plays SANTA CLAUS to 
Temperature Troubled Products 


Truflex can give a valuable present to your product this 
season—safety and automatic operation. For in gas, oil, 
or electrically operated products, Truflex keeps tempera- 
tures right on the mark. 


Truflex, a permanently fused bimetal, bends or deflects 
the instant temperatures get too high or too low. With 
this movement, Truflex makes or breaks circuits, opens or 
shuts dampers, turns heat on or off, keeping temperature 
automatically in the safety zone. 


Truflex is being used in 
thousands of products. 
Consistently uniform in 
performance due to pre- 
cision rolling and scien- 
tific checks. 


Truflex holds temperature at 
any desired point. Ranges 
shown below are typical for a 
few of the many products 
using Truflex— 


. Aquariums 70°F 

Why not use Truflex in Hot Beds 60°F— 90°F 
your product. Comes in Water Temp. Control 130°F— 180°F 
24 different combinations. ih ae oo 
All ° h d Motor Protection 175°F— 200°F 
sizes shapes an Automatic Choke 100°F— 500°F 
forms. And is easy to in- Room Thermostats 50°F— 90°F 
stall. Safety Pilots (Gas) 500°F—1200°F 
Scale Compensation 40°F— 130°F 


Send for handbook. 


GENERAL PLATE CO. 





ATTLEBORO, MASSACHUSETTS 








How to select 
and use 


mechanical 


equipment 


power transmission MECHANIC ING 
mechanical power transmission equip- HAN 
book bringing you in concise, usable DBOOK 
the kind of disinterested information you require to cut your 
. 
Mechanical 
By William Staniar 


cams. 
, , & ‘ 
| *h has yo lant ested in hk | N] 
How much has your plant invested i ANSMISSION 
ment? How much does power transmis- 
sion cost you annually? Here is a hand- 
form definite information on every phase of the proper selection 
and efficient use of power transmission equipment—offering you 
power transmission costs and to secure maximum service. 
Just Published 
P r | | a * 
Mechanical Power Engineer, E. 1. du Pont de Nemours & Co. 
488 pages, 6 x 9, illustrated, $5.00 


The recommendations given in this book for the selection, use 
and installation of transmission appurtenances are based on the 
author’s twenty years’ experience in this field of engineering. The 
book tells the superintendent, plant engineer, designer, millwright 
and mechanic exactly what they want to know when confronted 
with everyday problems of transmitting power mechanically. It 
covers latest developments in this field—-including all methods 
and explains how, when and where to use them so that economy 
of operation and efficient transmission result. 


Section Headings 


1 Power Belting ( Bearings 

2. Fastening of Power Belting 7. Clutches, Couplings, Collars 

} Power Transmission by Belting 8 Short-Center Driving Methods 

4 Flat Belt Pulleys 9. Chain Driving 

5 Steel Shafting 10 Mechanical Transmission Systems 


ll. High-Starting-Torque Devices 

12. Infinitely Variable Speed Control 

13. Gear-Reduction Units 

14 Lubrication of Mechanical Power 
Equipment 

15. Motors and Miscellaneous Data 


Decide now to look over this book. Ten days’ 
examination given on approval. Send this coupon. 


| McGRAW-HILL 
| ON-APPROVAL COUPON }\ 


McGRAW-HILL BOOK COMPANY, INC. 
330 West 42d Street, New York, N. Y. 


Send me for 10 days’ examination, subject to approval or return, 


Staniar’s Mechanical Power Transmission Handbook At the 
end of 10 days I agree to pay $5.00 plus a few cents for postage 
and delivery, or return the book postpaid (We pay postage on 


orders accompanied by remittance.) 


Name 


Address 


City and State. 


Position 


COMAPARY ..ccccce : ; ‘ oii ee oak, 12-1 


a 


(Books sent on approval in U. S. and Canada only.) 
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AJAX INSTALLATION on High-Vacuum Pump 


For all pump drives, AJAX is the natural, the only coupling to 
use . .. What pump drives demand only AJAX is prepared to 
give: 24-hour operation—no time for shut-downs or repairs— 
no stops for lubrication—constant, flawless service year after 
year. . . . What problems pump drives set up, AJAX is pre- 
pared to solve: uneven, pulsating load to be transmitted 
smoothly—free end play of shafts allowed by AJAX'S complete 
lack of end thrust and negligible amount of friction. 


AJAX FLEXIBLE COUPLING COMPANY 


Manufacturers of Flexible Couplings Since 1920 
72 ENGLISH ST., WESTFIELD, N. Y. 


SALES OFFICES—Atlanta, Birmingham, Boston, Buffalo, Chicago, Cin- 
cinnati, Cleveland, Detroit, Fort Worth, Indianapolis, Los Angeles, 
Minneapolis, Montreal, New York City, Philadelphia, Pittsburgh, St. Louis, 
San Antonio, San Francisco, Syracuse. 
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Pp ALNUT STAMPINGS 
ho You Can Depend On 
LOCKNUTS and SELF-LOCKING NUTS Established in 1903, Whitehead Stamping 


Company has solved stamping problems for 





REG. 





Hold tight where other devices 


fail. Are easy and fast to as- hundreds of manufacturers. Our estimates 
tered semble. Are low in price. Often based on your samples or blueprints—should 
show large saving in costs. show we can save you money. 


Write for samples. Send full 
details of your assembly. 
s S WHITEHEAD STAMPING CO. 
Li LL THE PALNUT COMPANY Established 1903 


Send for Catalog 
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65 Cordier St. Irvington, N. J. 2 W 1665 West Lafayette Blvd., Detroit, Mich. 
PROFESSIONAL SERVICES SEARCHLIGHT SECTION 





POSITIONS VACANT 
FOSTER D. SNELL, INC. CHIEF ENGINEER WANTED—Experienced 


in design and development of small frac 








’ ae : : tional H.P. Motors of the series, shaded pole 
x Chemists Engineers . and capacitor types Excellent opportunity 
Every form of chemical service. with growing company. State age, experi 

ence, record of training and salary expected 


COPUUEDU ROE UAUEDECEOEEUEUECEOEUECE OEE 


305 Washington St., Brooklyn, N. Y. 


215 N. Calvert Street, Baltimore, Md. 


P-77, Product Engineering 330 West 42d 
Street, New York City. 





ENGINEER with thorough knowledge of 
portable vacuum cleaner design. If interested 
please reply with full information as to 
CHARLES R UNDERHILL training, experience, salary and when avail- 

‘ ° ible P-79—Product Engineering, 330 West 
$2nd Street, New York City. 





Solenoids—Electromagnets 


Electromagnetic Mechanisms—Transformers POSITION WANTED 
Winding Machines R . 


Coil Departments—Developments 


4 YOUNG MAN 34 years old, now employed 
Lower Bank, N. J. as chief draftsman, would like to increase 
his opportunities and earnings Education in 
ludes college training in mechanical engineer 
ng and business administration. Ability to 
handle men has been highly developed. En- 
gineering sales work or engineer's assistant 
ould be handled adequately References can 
be supplied from present employer PW-78 
Product Engineering, 330 West 42nd Street 
New York City. 


Nothing is ever so good Sg ag ae 
it cannot be made better Who Is Experienced In 


Electrical Design 
and production of electrical heating 
and appliances, must have experience 
. F = in thermostat design 
Product Engineering is : Inventive mind necessary. 
: Electrical Engineering degree 
\ desirable. 
the systematic approach Give full details as to experience, edu- 
° cation, age and salary in first letter. 
to constant improvement Factory Located in Middle West. 


Address, P-76, Product Engineering 
520 No. Michigan Ave., Chicago, III 
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The New 
CLASS 8536—TYPE T 


Automatic Electric Motor Starter 





1B In selecting automatic motor contrel, 
j two features are important to the ma- 
thine designer—Are they compact? 
Are the parts readily accessible? 


WBN A OAT ARE emitter he > 


To both questions Square D answers 
yes—with the new Type T Automatic 
line Starter. Here is a starter that meets 
all requirements of both the machine 
designer and factory maintenance 
engineer. 


pres 


: 1 All terminals are substantial and 
4 conveniently located. 


2 Stationary and movable contacts 
can be inspected or replaced with- 
out disconnecting any wires. 


SE ae: 


3 Loosening one screw each removes 
the arc chambercovers and the entire 
movable contactor assembly swings 


forward, allowing quick removal of the magnet coil. 


4 For built-in control applications the starter panels may 
be mounted side by side on 7” centers or one above 


the other on 11” centers. 


QUARE 





ccessibility of all parts 





Investigate the advantages of including Square D 
starters in the machines you are designing and building. 


T) COMPANY 


TROIT- MILWAUKEE-LOS ANGELES 
ARE D COMPANY CANADA LTO. TORONTO. ONTARIO 
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Contactor assembly 
swung forward, all con- 
tacts exposed, magnet 
core and magnet coil 
remeved. 















Starter panel, 15 HP, 220 V or 25 HP, 
440-550 V. Note dimensions. 












CALL IN A SQUARE D MAN 








At the right is shown the type of 
die-casting machines being used by 
The Hoover Company in producing 
the daily total of 5,000 Dowmetal 
die-castings for the new Hoover 
One-Fifty Electric Cleaner. 





What DOWMETAL is doing for HOOVER 


Lightness to the utmost limit, without sacrifice And finally, it carries lightness of const 
of strength or durability, was a major objec- tion far beyond the possibilities of any o 
tive when Hoover set out to re-design its commercial metal or alloy. 

famous line of electric cleaners. 

After considering every factor Hoover While the use of Dowmetal in the Ho 
adopted Dowmetal. One Fifty constitutes its first appearance 
product of general public use, it has | 
demonstrated its value in portable po 
tools, trucks, machinery, foundry flasks 
many other products. : 


For Dowmetal is actually a full third lighter 
than aluminum yet possesses comparable 
strength and durability. 


Every manufacturer who visions the sales-stir- 
ring benefits of a lighter product will see in Dowmetal opens the way to the complet 
this Hoover adoption several significant facts. not partial—elimination of useless, pov 


2 : consuming or sales-retarding weight. 
First, Dowmetal (magnesium alloys) is a S S s 


proven, practical metal. It is prepared to 
go into many high-speed, mass production 
products. 


Complete information concerning 
characteristics, uses and methods of fab 
tion is contained in “The Dowmetal ]j 
Obviously, it meets the very vital question of Book.” A copy will be sent with our ¢ 


closely figured costs. pliments to you. 
THE DOW CHEMICAL COMPANY + Dowmetal Division « Midland, Michigan 

; 

3 





ew Hoover One Fifty, Dowmeta 


these five parts a total weight 


. n five different parts, from the es . : 
e bail to the intricate main hous ‘ r : th 


of over two pounds is achieved 


t the slightest sacrifice of struc- 


MAGNESIUM ALLOYS 
LIGHTEST OF ALL STRUCTURAL METAL 


The amazing ghtness made possible 
by Dowmeta as caused thousands of 
women t abandon their present cleaner 


for the lighte « handled Hoover 
/ 


And these women are praising the 
Hoover at every opportunity—and its 
lightness is one of the features they 
praise most. 
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